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Chapter 1: Background Wachusett Regional High School (WRHS) encompasses several communities in the greater Worcester area.  Located in Holden, Massachusetts, the school is still currently under construction while serving Holden, Paxton, Princeton, Rutland, and Sterling students.  This academic school is also accredited for vocational purposes allowing all students from the surrounding communities to participate in trade activities.  The school is currently in the final stages of construction creating obstacles in the educational process.  Modular buildings were used while the school was under construction. Currently the school is near completion and no longer has modular facilities.   Classrooms, even hallways, have been recently opened with much of the final finishes to be completed.  The combination of contractors and students creates an interesting environment.  The newness of the school provides many resources to teachers and students unlike other schools in the area.  New desks, lab benches, and advanced technology all assist in the highly advanced educational environment.  The ability to stimulate the students’ interest seems to be amplified by the use of technology. Each room is equipped with overhead projectors, speakers, and white boards.  There are an average of 2.9 students per computer with 100 percent of the classrooms having Internet (many with wireless Internet)  (Wachusett ‐ Wachusett Regional High).  Printers are available for student use through this network also.  Within the science rooms there are additional prep rooms to be used to test labs, prepare demonstrations, and store the new equipment.  These prep rooms are normally shared between two classrooms and include kitchen appliances such as ovens, microwaves, refrigerators, and dishwashers.  There is a cabinet system in every room and prep room to allow for organized storage that can also be locked and used to secure expensive new equipment.  In addition to these rooms are workrooms with a desk for every teacher creating a private work area.  Throughout the school are specialty rooms created for the individualized uses such as project 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rooms that have advanced technology that honors students’ use for yearlong projects.  Wachusett Regional High School has many availably amenities for student and teacher use. The schools enrollment for the 2007‐2008 school year included 1,948 students with a large majority being Caucasian.  There are less than two percent each of the African American, Asian, Hispanic, and other non‐Caucasian students (Wachusett ‐ Wachusett Regional High).  Within these minorities are students that have come around the world and moved into the district with English as a second language.  Also, Wachusett has an exchange program where a few students from other countries stay with a family in the district and attend WRHS. The teachers of these students attend additional training to ensure their quality of education is as high as the English‐speaking students. School choice is also available for the district allowing students from the Worcester area to be enrolled in WRHS. The school as a whole provides 142 teachers with positions; 546 class are offered in the core areas of study.  Within the classroom, students have a student to teacher ratio of 13.7 to 1 with 99.3 percent of those teachers licensed in their area.  Not only does the school have a higher percentage of licensed teachers than the state, but also have a larger percentage of the core academic teachers being highly qualified (99.1 percent).  Each of these is evident within the classroom as many teachers working outside of the normal high school curriculum to expand the knowledge gained by each student.  Also evident is the student to teacher ratio where many classes are smaller than 25 students.  This small classroom environment is also assisted by the rotating block schedule, where large groups of students have study hall in the cafeteria.  In some of the more difficult classrooms there can be multiple staff members to ensure the education process is fulfilled.  (Wachusett ‐ Wachusett Regional High) Each teacher is issued a MacBook to use with the projector system as well as PowerGrade and PowerSchool.  All grades and attendance are submitted electronically via PowerGrade allowing for less paperwork.  This system allows for 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easy data flow between teachers to find out if students are skipping classes, having attendance issues in other classes, and signs on academic progress.  Through this system it is also possible to print progress reports when needed for parental interaction or for a factor to motivate students. Outside of school, many students go home to their parents or guardians.  The majority of these parents and guardians work in manufacturing, retail, and wholesale.  Only two percent are unemployed but nearly one‐third are not in the workforce to be stay at home parents, or are disabled or are retired.  Almost 94 percent of the adults in the district have graduated high school and more than half of that 94 percent have college educations.  While this background is communal, each student has their own background with their own family situation, education, and employment.  These students come from varied backgrounds, but nearly all have common ethnicity, with 97 percent of the community being white.  This is visible and shows the white suburbia created outside of Worcester, a city of minorities.  (Neighborhood and Demographics Information)  Only approximately 6 percent of all students in attendance at Wachusett Regional High School are considered to come from low‐income households (Wachusett ‐ Wachusett Regional High).  These students have the opportunity to take part in school lunch and breakfast programs.    The home life of student usually helps determine their attendance and participation in school.  WRHS has a 95.6 percent attendance rate leading to an average of 7.6 absences per year per student.  This attendance rate is higher than that of the state’s rate of 94.6 percent.  The attendance policy strictly forbids a student to miss more than 16 days, which is an obstacle for many students in the lower level classes that have more family issues.  The school works with these students to create contracts on attendance and credits to allow for graduation.  (Wachusett ‐ Wachusett Regional High) Since Wachusett Regional High School is a Massachusetts public school, all students must pass a math, English language arts, and science MCAS.  In 2007 the 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vast majority of students passed the MCAS with a 95.7 percent passing rate in the English language arts and a 93.4 percent passing rate in the mathematics exams.  These rates were just above the district, and about 10 percent higher than the states passing rate.  Trend in the MCAS scores include the information that students in low‐income homes performed significantly worse than those in non‐low‐income homes.  The students with disabilities had a harder time passing the mathematics portion as compared to the English language arts portion.  Overall the school performed above the district and the state in percentage of student passing the exam.  (2007 MCAS Results by Subgroup ‐ Wachusett Regional High School) Overall, Wachusett Regional High School offers its vast variety of students many ways to achieve academic success.  Students are welcomed into a new school with state of the art facilities by a staff of teachers with expertise in a varitey of fields, both academic and technical.  The highly qulified staff allows students to take a variety of classes in many dirrerent fields.  These students are given the opportunities needed to grow throughout their time, and work with their background to acheice success and graduation. 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Chapter 2: Course and Course Relationships The Wachusett Freshman Physics program is a Physics First Program including preparation for the Physics MCAS.  This program offers students first year conceptual physics with less mathematical background.  Though often‐challenging teaching physics with only a junior high school background in mathematics, levels have been developed based on students backgrounds.  The three levels at the school are honors, academic foundation, and academic enrichment.  The honors level is an accelerated program and in the science department has an additional yearlong it is project as outside of class independent work.  Academic foundations is the level most students fall into being a college preparatory class that is the foundation for future science classes.  The final level is the academic enrichment level, which is for students who do not have a strong background in the subject matter allowing for review and a slower pace.  This level is somewhat abused at the school as it is seemingly a solution for students who are behavior issues.  This will be further discussed in the fourth chapter showing their intelligence, learning styles, and behavioral issues. Each freshman is required to take the physics course including alternative education students who are mainstreamed for the year for MCAS purposes.  After taking physics the students then move onto biology and then chemistry.  Various senior year electives are offered including a two physics electives and one engineering elective taught by physics teachers.  Having physics first allows the student to become familiar with laboratory procedures to bring them to the next level or biology labs.  The final lab course taken at Wachusett is chemistry so that students have ample preparation and have been able to demonstrate their maturity and responsibility while handling lab equipment.  A strategic laboratory system is in place and allows for safe practices in the lab setting.  As students go through teachers can pick out the possible problems ranging from methodology to maturity and set the students onto the right path or take them out of lab once they demonstrate their inability to complete labs in a safe manner. 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The science classes offered throughout WRHS have a continuing set of expectations that are built upon each year ranging from quality of work to type of work.  Each syllabi and course has a specific set of necessary items to keep common strands in the curriculum and the student’s learning. These classes follow the state educational frameworks in classes offered and are specifically compared for the freshman physics program in the following pages.  The course offerings in the science department range from required basic sciences to exploratory electives going in depth into a particular subject matter.  The Wachusett Regional High School Program of Studies is attached in its entirety as an appendix.  This Program of Studies shows all course offerings and the order in which students can choose to take them.  Also attached to this chapter is the Curriculum for Freshman Physics. A comparison is easily made for the physics curriculum and state frameworks due to similarities in setup and content.  Since the Curriculum for Freshman Physics is in a list format, I have used that as an order to show comparisons with the Massachusetts Science and Technology/Engineering Curriculum Framework.  First attached is  the WRHS Curriculum and the map of how it fits into the state standards and frameworks. 
Wachusett Regional High School Curriculum 
WRHS Science Curriculum 
Syllabus  
 
 
Course Name:   Freshman Physics         Grade Level:   9 
 
Course Description: 
 
Freshman Physics is a physical science course specifically for ninth grade students beginning 
their high school science curriculum.  The course will expand the students’ understanding of 
motion, properties of matter, sound, light, electricity and magnetism, all presented without 
requiring extensive mathematical background.  All topics will incorporate basic scientific 
practices and methods.  Projects, both individual and group, laboratory experiments, research, 
and other group activities will all be an integral part of the program.  This program will provide a 
good foundation for future science courses. 
 
Links to Student Expectations:   
 
!" All students will develop skills to utilize technology to gather, to evaluate, to 
assimilate, and to present information. 
!" All students will utilize critical thinking skills to identify and to provide resources to 
solve a problem. 
!" All students will be able to make decisions and solve problems using logical 
processes (e.g., scientific method, induction, deduction, syllogism, etc.). 
!" All students will develop skills to promote a sense of confidence in tackling the rigors 
of standardized tests such as the required MCAS and optional AP, SAT. 
 
Interdisciplinary Connections: 
 
Freshman Physics is a physical science course that teaches knowledge and skills that are the 
fundamental basis of future science courses.  In addition it teaches and strengthens mathematical 
concepts, laboratory skills, critical thinking, and technical writing.  Students will generate written 
lab reports and apply algebra skills to physical problems.  Students will understand the 
underlying forces that form the basis of chemical and biological processes. 
 
 
I.    Essential Questions for Course  
 
!" How can the scientific method be applied to physics applications? 
!" How do distance, speed, velocity, and acceleration relate to each other? 
!" How can Newton’s first, second, and third laws of motion be interpreted and 
applied to practical situations? 
!" How can the laws of conservation of momentum and conservation of energy 
be used to predict and describe the movement of objects? 
!" What are work, energy, and power, and how do they relate to each other? 
!" What are temperature and heat, and how are they related? 
!" What happens when a substance changes phase? 
!" What are the characteristics of harmonic motion and wave motion? 
!" What are the relationships and differences among electrostatics, electricity, 
and magnetism? 
 
II.   Student Objectives  
 
!" To interpret and apply Newton’s laws of motion. 
!" To distinguish between vector quantities and scalar quantities. 
!" To solve problems and interpret graphs involving velocity, speed, and 
acceleration. 
!" To interpret and apply Newton’s first, second, and third laws of motion. 
!" To draw force diagrams that are appropriate to various types of problems. 
!" To identify and use appropriate standard international units of 
measurement for force, mass, distance, speed, acceleration, and time. 
!" To use the laws of conservation of momentum and conservation of energy to 
predict and describe the movement of objects. 
!" To describe the relationship between impulse and momentum, both 
conceptually and quantitatively. 
!" To interpret the law of conservation of momentum and provide examples 
which illustrate it. 
!" To describe the relationship among work, energy, and power, both 
conceptually and quantitatively. 
!" To interpret the law of conservation of energy and provide examples 
which illustrate it. 
!" To provide examples of how energy can be transformed from kinetic to 
potential and vice versa, demonstrating the concept of energy 
conservation. 
!" To identify and use appropriate standard international units of 
measurement for impulse, momentum, energy, work, and power. 
!" To understand the concepts of temperature, heat, and heat transfer. 
!" To relate thermal energy to molecular motion. 
!" To explain the relationships among the heat added to the substance and the 
substance’s temperature change, mass, and specific heat. 
!" To relate the concept of conservation of energy to heat transfer. 
!" To recognize that matter exists in four phases, and explain what happens 
during a phase change. 
!" To distinguish among the types of heat transfer:  convection, conduction, 
and radiation. 
!" To identify and use appropriate standard international units of 
measurement for temperature, heat, and specific heat. 
!" To describe and distinguish among waves and wave motion. 
!" To differentiate between harmonic and non-harmonic motion. 
!" To recognize the measurable properties of waves, such as velocity, 
frequency, and wavelength, and explain the relationships among them. 
!" To distinguish between transverse and longitudinal waves. 
!" To distinguish between mechanical and electromagnetic waves. 
!" To recognize the effects of wave interactions. 
!" To describe the electromagnetic spectrum in terms of wavelength and 
energy and be able to identify specific regions of the spectrum. 
!" To identify and use appropriate standard international units of 
measurement for wavelength and frequency. 
!" To develop a basic understanding of electrostatics, electricity, and magnetism. 
!" To recognize characteristics of static charge, and explain how a static 
charge is generated. 
!" To interpret and apply Coulomb’s law. 
!" To apply a quantitative and qualitative understanding of current, voltage, 
resistance, and the connection among them. 
!" To analyze the voltage and current in series and parallel circuits. 
!" To identify and use appropriate standard international units of 
measurement for charge, current, voltage, and resistance. 
 
III.  Suggestions for Instruction  
 
!" Lectures 
!" Discussions 
!" Textbook readings (Conceptual Physics, 3rd Edition, by Paul Hewitt) 
!" Conceptual questions & quantitative problem solving 
!" Worksheets 
!" Small-group laboratory experiments 
!" Teacher conducted demonstrations 
!" Individual and group projects 
!" Utilization of the Cambridge Physics equipment 
!" Videos 
 
IV.  Suggestion for Assessment  
 
!" Conceptual questions & quantitative problem solving 
!" Quizzes utilizing a mixture of conceptual, quantitative, and interpretive 
questions 
!" Tests utilizing a mixture of conceptual, quantitative, and interpretive questions 
!" Formal and informal lab reports 
!" Performance- and process-based projects graded according to rubric standards 
!" Out of class assignments, graded for effort and/or accuracy 
 
 
 
 
V.   Curriculum  
 
!" Scientific method 
!" Standard units of measurement 
!" Unit conversions 
!" Problem solving techniques 
!" Linear motion:  distance, time, speed, velocity, acceleration 
!" Free fall 
!" Graphs of motion 
!" Relationship between mass and inertia 
!" Newton's 1st law:  Force, net force, equilibrium 
!" Vector addition of forces (graphically) 
!" Newton's 2nd law:  Force, mass, and acceleration 
!" Friction 
!" Pressure 
!" Air resistance and terminal speed 
!" Newton's 3rd law:  Forces and interactions between two objects 
!" Momentum & Impulse 
!" Collisions and conservation of momentum 
!" Mechanical energy:  Work, power, kinetic energy, potential energy 
!" Conservation of energy 
!" Temperature & kinetic energy (thermal energy and molecular motion) 
!" Thermal equilibrium 
!" Specific heat 
!" Thermal expansion 
!" Change of phase:  Evaporation, condensation, boiling, freezing, melting 
!" Heat transfer:  Conduction, convection, radiation 
!" Simple harmonic motion 
!" Properties of waves (velocity, frequency, wavelength) 
!" Transverse and longitudinal waves 
!" Wave interaction (destructive and constructive interference) 
!" Electromagnetic spectrum 
!" Electrical forces & charges 
!" Coulomb's law 
!" Circuits:  Current, voltage, resistance 
!" Ohm's law 
 
VI. Lesson Extensions  
 
!" Honors level 
!" Extend the calculations, data collection, and analysis for various 
laboratory investigations. 
!" Solve more sophisticated problems that involve the use of basic 
trigonometry. 
!" Perform an independent investigative research project. 
!" Academic Enrichment level 
!" Increase emphasis on conceptual understanding rather than quantitative 
analysis of topics. 


ANYTIME     * Optional 
1.  The Scientific Method 
2.  The Structure of the Atom* 
3.  Elements and Compounds* 
 
 
Curriculum for Freshman Physics 
 
Unit 1 (not in text) 
• Measurement to include 
o Metric System 
o Accuracy/Precision 
o % Error and % Change 
o Significant Figures 
• Scientific Notation 
• Unit Conversion/Dimensional Analysis 
• Solving Algebraic Equations 
• Graphing-Equation of a Line 
• Problem Solving Techniques 
 
Chapter 2 
1.  Distance, time 
2.  Speed, Velocity 
3.  Acceleration 
4.  Free Fall 
5.  Graphs of Motion 
 
Chapter 4 
6.  Relationship between mass and inertia 
7.  Newton’s 1st Law Mass/Weight 
8.  Force, Net Force, Equilibrium 
9.  Vector Addition of Forces (graphically) 
 
Chapter 5 
10.  Newton’s 2nd Law 
11.  Friction 
12.  Pressure 
13.  Air Resistance- Terminal Speed* 
 
Chapter 6 
14.  Newton’s 3rd Law 
 
Chapter 9/10/12 
15.  Universal Gravitation 
16.  Circular Motion definitions* 
17.  Centripetal Force* 
18.  Center of Gravity/Mass* 
 
Chapter 7 
19.  Momentum/Impulse 
20.  Conservation of Momentum/Collisions 
 
Chapter 8 
21.  Work 
22.  Power 
23.  Potential Energy 
24.  Kinetic Energy 
25.  Conservation of Energy 
 
 
 
 
Chapter 21 
26.  Temperature & Kinetic Energy (Thermal energy and 
molecular motion) 
27.  Thermal Equilibrium 
28.  Specific Heat/ Heat Capacity 
29.  Thermal Expansion 
30.  Expansion of water 
 
Chapter 22/23 
31.  Heat Transfer 
32.  Greenhouse Effect* 
33.  Newton’s Law of Cooling* 
34.  Change of Phase 
35.  Evaporation/Condensation/Boiling/Freezing 
 
Chapter 25/26/27/29 
36.  Simple Harmonic Motion 
37.  Properties of Waves (velocity, frequency, wavelength) 
38.  Transverse and Longitudinal Waves 
39.  Sound Waves 
40.  Laws of Reflection and Refraction 
41.  Polarization 
42.  Wave Interaction (destructive and constructive 
interference) 
43.  Doppler Effect 
44.  Standing waves 
45.  Sonic Booms* 
46.  Resonance 
47.  Speed of Light 
48.  Electromagnetic Radiation 
 
Chapter 32/33/34/35/36 
49.  Electrical Forces & Charges 
50.  The Van de Graff 
51.  Coulomb’s Law 
52.  Electrical Fields 
53.  Electrical Potential Energy 
54.  Currents/Voltage/Resistance 
55.  AC & DC 
56.  Circuits 
57.  Ohm’s Law/Kirchoff’s Law 
58.  Magnetic Fields 
 
Note: Thermodynamics, Waves, and Electricity and 
Magnetism can be taught in any order as determined by 
the instructor. 
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THE PROCESS
In May, 2001, the Massachusetts Department of Education issued a new Curriculum
Framework in the area of science4 and technology/engineering.  In order to maintain
currency with its curriculum, the District organized a science task force comprised of
teachers, curriculum staff, and a school administrator at the beginning of the 2001-2002
school year to realign the District's current curriculum with that of the state's.
Dr. Wheeler, math/science curriculum specialist, provided the group with a baseline
framework of topics that the state had rearranged/realigned to aid them.  Groups (K-5)
then met by grade level and realigned topics to include technology and engineering, while
maintaining as much from the former curriculum as possible.
Grades 6, 7, and 8 met and were faced with major changes as the District moved from a
spiraling curriculum to a vertically aligned (topically subdivided) curriculum in these
grades.   This resulted in grade six now focusing on earth and space science, grade seven
focusing on life science, and grade eight focusing on physical science.  A separate group
of technology/engineering teachers convened to integrate the state’s new strand in that
field to the science curriculum for grades 6-8.
High school teachers met by disciplines and developed curriculum guides for each course
that also aligned with the upcoming NEASC accreditation.  Curriculum specialist Clif
Wheeler met with all groups during this realignment process.  All groups (K-2, 3-5, 6-8) 
were brought together following their individual sessions to ensure a spiral of curriculum
throughout the grades as well as to avoid any overlaps and gaps.  The entire group was
reconvened one final time to provide input on the entire document.  They decided that 
guiding principles, based on the national standards, were a key component to the
document.   The result is the new Wachusett Regional School District Science and
Technology/Engineering Curriculum Framework.
Introduction
Introductory Physics, High School 
Learning Standards for a Full First-Year Course 
 
 
1. Motion and Forces 
Central Concept: Newton’s laws of motion and gravitation describe and predict the motion of 
most objects. 
 
1.1 Compare and contrast vector quantities (e.g., displacement, velocity, acceleration force, 
linear momentum) and scalar quantities (e.g., distance, speed, energy, mass, work). 
Even though some classes skip Chapter 3 of the book this concept is thoroughly covered. 
For review, read sections 3.1 and 3.2 (pg 28-29) 
 
 
1.2 Distinguish between displacement, distance, velocity, speed, and acceleration. Solve 
problems involving displacement, distance, velocity, speed, and constant acceleration. 
Chapter 2 
 
1.3 Create and interpret graphs of 1-dimensional motion, such as position vs. time, distance 
vs. time, speed vs. time, velocity vs. time, and acceleration vs. time where acceleration 
is constant. 
Graphs of motion are covered briefly in section 2.7 and supplemented in the classroom 
 
Lab: Car and Ramp 
 
 
 
1.4 Interpret and apply Newton’s three laws of motion. 
 
These are covered in Chapters 4,5,&6 in the textbook 
 
1.5 Use a free-body force diagram to show forces acting on a system consisting of a pair of 
interacting objects. For a diagram with only co-linear forces, determine the net force 
acting on a system and between the objects. 
Ch 4 
 
1.6 Distinguish qualitatively between static and kinetic friction, and describe their effects on 
the motion of objects. 
This is not addressed in the book, but is discussed in class 
 
1.7 Describe Newton’s law of universal gravitation in terms of the attraction between two 
objects, their masses, and the distance between them. 
Ch 12, specifically section 12.4 and 12.5 
 
1.8 Describe conceptually the forces involved in circular motion. 
Centripetal force is covered in section 9.3 
 
Labs teachers may choose to include: The Coefficient of Friction, The Balloon Car
2. Conservation of Energy and Momentum 
Central Concept: The laws of conservation of energy and momentum provide alternate 
approaches to predict and describe the movement of objects. 
 
2.1 Interpret and provide examples that illustrate the law of conservation of energy. 
Section 8.6 
 
2.2 Interpret and provide examples of how energy can be converted from gravitational 
potential energy to kinetic energy and vice versa. 
Ch 8 
 
2.3 Describe both qualitatively and quantitatively how work can be expressed as a change in 
mechanical energy.  
Ch 8, specifically 8.3 and 8.4 
 
2.4 Describe both qualitatively and quantitatively the concept of power as work done per unit 
time.  
Section 8.2 
 
2.5 Provide and interpret examples showing that linear momentum is the product of mass and 
velocity, and is always conserved (law of conservation of momentum). Calculate the 
momentum of an object. 
Chapter 7 
 
Labs:  The Rollercoaster, Egg Drop, Pendulum 
 
3. Heat and Heat Transfer 
Central Concept: Heat is energy that is transferred by the processes of convection, conduction, 
and radiation between objects or regions that are at different temperatures. 
 
3.1 Explain how heat energy is transferred by convection, conduction, and radiation. 
Chapter 22 
 Conduction 22.1 
 Convection 22.2 
 Convection 22.3 
 
3.2 Explain how heat energy will move from a higher temperature to a lower temperature until 
equilibrium is reached. 
This is covered in the textbook in section 24.4.  This Chapter is omitted in our FP program, 
however this concept is discussed during Heat Transfer discussions. 
 
 
3.3 Describe the relationship between average molecular kinetic energy and temperature.  
Ch 21 
Recognize that energy is absorbed when a substance changes from a solid to a liquid to a gas, 
and that energy is released when a substance changes from a gas to a liquid to a solid.  
Ch 23 
Explain the relationships among evaporation, condensation, cooling, and warming. 
Ch 23 
 
3. Heat and Heat Transfer (cont.) 
3.4 Explain the relationships among temperature changes in a substance, the amount of heat 
transferred, the amount (mass) of the substance, and the specific heat of the substance. 
The formula is not used in the textbook, however it is covered in class and 
specific heat is discussed in Ch 21.6 
 
An assortment of heat transfer labs underscore the concepts. 
Also covered:  Newton’s Law of Cooling, The Greenhouse Effect, and Change of 
Phase 
 
4. Waves 
Central Concept: Waves carry energy from place to place without the transfer of matter. 
 
4.1 Describe the measurable properties of waves (velocity, frequency, wavelength, 
amplitude, period) and explain the relationships among them. Recognize examples of 
simple harmonic motion. 
Chapter 25 
 
4.2 Distinguish between mechanical and electromagnetic waves. 
   Not specifically addressed in the textbook, but covered in class 
 
4.3 Distinguish between the two types of mechanical waves, transverse and longitudinal. 
Sections 25.5 and 25.6 
 
4.4 Describe qualitatively the basic principles of reflection and refraction of waves. 
Chapter 29 
 
4.5 Recognize that mechanical waves generally move faster through a solid than through a 
liquid and faster through a liquid than through a gas. 
Addressed briefly in Chapter 26 
 
4.6 Describe the apparent change in frequency of waves due to the motion of a source or a 
receiver (the Doppler effect). 
Section 25.9 
 
Labs:  Sound and Wave Machine, Pendulum 
Also covered: Simple Harmonic Motion, speed of sound, Loudness, Resonance, 
Beats 
 
5. Electromagnetism 
Central Concept: Stationary and moving charged particles result in the phenomena known as 
electricity and magnetism. 
 
5.1 Recognize that an electric charge tends to be static on insulators and can move on and in 
conductors. Explain that energy can produce a separation of charges. 
Ch 32 
 
5.2 Develop qualitative and quantitative understandings of current, voltage, resistance, and 
the connections among them (Ohm’s law). 
Ch 34 
 
5.3 Analyze simple arrangements of electrical components in both series and parallel circuits. 
Recognize symbols and understand the functions of common circuit elements (battery, 
connecting wire, switch, fuse, resistance) in a schematic diagram. 
Ch 35 
5.4 Describe conceptually the attractive or repulsive forces between objects relative to their 
charges and the distance between them (Coulomb’s law). 
Section 32. 3 
5.5 Explain how electric current is a flow of charge caused by a potential difference 
(voltage), and how power is equal to current multiplied by voltage. 
Ch 33 and section 34.11 
 
5.6 Recognize that moving electric charges produce magnetic forces and moving magnets 
produce electric forces. Recognize that the interplay of electric and magnetic forces is 
the basis for electric motors, generators, and other technologies. 
Ch 36 
 
Lab:  Electric Circuits 
 
6. Electromagnetic Radiation 
Central Concept: Oscillating electric or magnetic fields can generate electromagnetic waves over 
a wide spectrum. 
 
6.1 Recognize that electromagnetic waves are transverse waves and travel at the speed of 
light through a vacuum. 
6.2 Describe the electromagnetic spectrum in terms of frequency and wavelength, and 
identify the locations of radio waves, microwaves, infrared radiation, visible light (red, 
orange, yellow, green, blue, indigo, and violet), ultraviolet rays, x-rays, and gamma 
rays on the spectrum. 
 
Electromagnetic Radiation is covered very briefly in section 27.3.  This section is 
supplemented in class. 
 
 
The following two sections identify inquiry and 
mathematical skills identified as part of the state 
standards.  All of these are addressed in the Freshman 
Physics course at WRHS during Semester 1 and 
reinforced all year . 
 
 
I I .  S C I E N T I F I C  I N Q U I R Y  S K I L L S  S T A N D A R D S  
Scientific literacy can be achieved as students inquire about the physical world. The curriculum 
should include substantial hands-on laboratory and field experiences, as appropriate, for students 
to develop and use scientific skills in introductory physics, along with the inquiry skills listed 
below. 
 
SIS1. Make observations, raise questions, and formulate hypotheses. 
 
• Observe the world from a scientific perspective. 
• Pose questions and form hypotheses based on personal observations, scientific articles, 
experiments, and knowledge. 
• Read, interpret, and examine the credibility and validity of scientific claims in different 
sources of information, such as scientific articles, advertisements, or media stories. 
 
SIS2. Design and conduct scientific investigations. 
 
• Articulate and explain the major concepts being investigated and the purpose of an 
investigation. 
• Select required materials, equipment, and conditions for conducting an experiment. 
• Identify independent and dependent variables. 
• Write procedures that are clear and replicable. 
• Employ appropriate methods for accurately and consistently  
o making observations 
o making and recording measurements at appropriate levels of precision 
o collecting data or evidence in an organized way 
• Properly use instruments, equipment, and materials (e.g., scales, probeware, meter sticks, 
microscopes, computers) including set-up, calibration (if required), technique, 
maintenance, and storage. 
• Follow safety guidelines. 
 
SIS3. Analyze and interpret results of scientific investigations. 
 
• Present relationships between and among variables in appropriate forms. 
o Represent data and relationships between and among variables in charts and 
graphs. 
o Use appropriate technology (e.g., graphing software) and other tools. 
• Use mathematical operations to analyze and interpret data results.  
• Assess the reliability of data and identify reasons for inconsistent results, such as sources 
of error or uncontrolled conditions. 
• Use results of an experiment to develop a conclusion to an investigation that addresses 
the initial questions and supports or refutes the stated hypothesis. 
• State questions raised by an experiment that may require further investigation. 
 
SIS4. Communicate and apply the results of scientific investigations. 
 
• Develop descriptions of and explanations for scientific concepts that were a focus of one 
or more investigations. 
• Review information, explain statistical analysis, and summarize data collected and 
analyzed as the result of an investigation. 
• Explain diagrams and charts that represent relationships of variables. 
• Construct a reasoned argument and respond appropriately to critical comments and 
questions. 
• Use language and vocabulary appropriately, speak clearly and logically, and use 
appropriate technology (e.g., presentation software) and other tools to present findings. 
• Use and refine scientific models that simulate physical processes or phenomena. 
 
 
 
 
I I I .  M A T H E M A T I C A L  S K I L L S  
 
Students are expected to know the content of the Massachusetts Mathematics Curriculum Framework, 
through grade 8. Below are some specific skills from the Mathematics Framework that students in this 
course should have the opportunity to apply: 
 
 Construct and use tables and graphs to interpret data sets. 
 Solve simple algebraic expressions. 
 Perform basic statistical procedures to analyze the center and spread of data. 
 Measure with accuracy and precision (e.g., length, volume, mass, temperature, time) 
 Convert within a unit (e.g., centimeters to meters). 
 Use common prefixes such as milli-, centi-, and kilo-. 
 Use scientific notation, where appropriate. 
 Use ratio and proportion to solve problems. 
 
The following skills are not detailed in the Mathematics Framework, but are necessary for a solid 
understanding in this course: 
 
 Determine the correct number of significant figures. 
 Determine percent error from experimental and accepted values. 
 Use appropriate metric/standard international (SI) units of measurement for mass (kg); 
length (m); time (s); force (N); speed (m/s); acceleration (m/s2); frequency (Hz); work 
and energy (J); power (W); momentum (kg•m/s); electric current (A); electric potential 
difference/voltage (V); and electric resistance (Ω). 
 Use the Celsius and Kelvin scales. 
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The first unit covered is not in the textbook but includes measurements, scientific notation, unit conversion, dimensional analysis, solving algebraic equations, graphing, and problem solving.  These are the fundamental basics for the entire science education classes at Wachusett Regional High School.  These fundamentals fit in with the Scientific Inquiry Skills Standards and the Mathematical Skills in the Massachusetts Science and Technology/Engineering Curriculum Framework Standards Introductory Physics, High School section.  These skills are the basis that brings students through their first year of science and lab practices at the high school level.  These basics are carried through the entire curriculum and are incorporated into the Scientific Method. After the first unit chapters from the text are covered in a sequential order up to the end of the first semester.  Chapter 2 begins the studies of motion in its most conceptual state.  This chapter includes the standards 1.1 through 1.3.  The basic ideas of motion and distinguishing between the variables of motion are established in this chapter.  Once the ideas of motion are demonstrated and understood students move on to chapters 4, 5, and 6.  These chapters are more in depth motion and forces including Newton’s 3 laws of motion and cover the state frameworks 1.4 through 1.6.  The final parts of the first framework, motion and forces, are covered briefly or not at all.  These less covered topics being standards 1.7 and 1.8, universal gravitation and circular motion.  Because the content in this first standard is the origin of the physics students understanding much more time is spent on it then any other standard through the year.  This first framework is the foundation for the rest of the physics curriculum as it brings students to momentum and energy.  Since energy can explain all of physics it becomes a core for success. After the state’s first standard is covered the standards begin to follow less of an order.  Each standard is covered in its entirety at once but do not necessarily go in the same sequential order.  Standard 2.5 is covered in chapter 7, momentum but is done in a rushed fashion as it is covered on the midterm and many teachers do not have ample time to explain such a concept that is naturally confusing to the 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students.  This leads to additional pressures but is part of the teaching to the test, the MCAS, mentality at the school. Once the midterm exam is completed the rest of the material in the second standard, conservation of energy and momentum, is covered by all teachers.  From here the teachers can individually choose to move on to content from standards 3, 4, or 5.  This out of sequence order is used due to availability of materials for labs and demonstrations and is determined by the instructors.  Typically the last covered unit is much more rushed due to the MCAS time constraint so all standards in the state frameworks are not met.  No matter the order of the content the transitions can be made from one unit to another fairly easily as they all have origins in energy. For the third standard, heat and heat transfer, all portions are covered to their full potential through three different chapters.  In addition to the standard information the heat unit at Wachusett Regional High School includes more in depth studies of the expansion of water, the greenhouse effect, and Newton’s law of cooling.  While these are fundamental topics they go above and beyond what state standards include. The fourth standard covers the waves unit, chapters 25, 26, and 29 in the assigned textbook.  This unit covers the basics of waves therefore it is easily covered through a series of labs and activities.  The labs and activities are used with other educational activities such as notes.  This fourth standard material is the most applicable to teaching lab skills since it has so many activities. Electricity and magnetism, the fifth standard, is covered in a variety of ways based on the teacher.  This can include many labs and demonstrations or many direct education methods because of the extended amount of content material.  This includes four chapters in the assigned text (32 through 36), which is a great deal of material in the short amount of time it is typically covered in.  Much of the textbook information is supplemented by outside teacher materials shared within the department.  This unit is barely covered to the minimum at the school because of the severe time shortage. 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The sixth and final standard is incorporated when the fourth standard is taught.  As students are learning about waves they then learn about the electromagnetic aspect to include the entirety of the final standard.  This material is not taught completely in every classroom and is usually more of an individual student guided effort such as a project or activity. Throughout their time spent at Wachusett Regional High School students see trends and strands through classes, which allow for continued growth.  These strands usually follow a general guiding framework such as the Scientific Inquiry Skills Standards found in the Massachusetts Science and Technology/Engineering Curriculum Framework, October 2006.  Also found in strands are mathematical functions and skills such as graphing data, statistical tests to determine validity of results, significant figures, and measuring.  Another important strand in the sciences is precision versus accuracy as the two are often confused and are significant to the scientific world in the analysis of data. The first most apparent strand that is recognized is at the honors level; the honors yearlong required project.  This project is an independent project to that is major portion of the student’s fourth quarter grade.  Beginning with this project as freshmen, students are expected to continue to the next level and complete a more complex project.  The physics project becomes a major learning experience for all students participating, as they must show dedication and motivation to get the project done.  Procrastination is proven to be deadly to a project and truly teaches the students non‐academic lessons in preparedness.  This could have been one of the highlights of learning during a student’s career and is not limited to just honor student involvement.  Though honors students have the guidance throughout the year, non‐honors students do participate by preparing a project for the annual science fair.  These students, as well as the honors students, are aided by an after school program, EUREKA.  EUREKA is a group of upperclassmen that have completed projects that can share their experiences and knowledge with the freshmen and sophomores.  This program allows student to spend a dedicated time making sure they are on tract to completing their project on time.  From this past 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year it was apparent that students who participated in this program excelled in their project from conception of the ideas to the completed presentations. Strands follow through the curriculum in more subtle ways growing student responsibility in their work.  Each year they are expected to take the practices of the previous year and improve upon them to be incorporated into the class they are taking.  This is apparent in the syllabi of each class and the progressive growth these syllabi show. When moving up the course structure students are expected to have built up to the completion of past course syllabi and to understand the trends and standards set up.   Overall the curriculum in place at Wachusett Regional High School is well established and meets the Massachusetts Curriculum Frameworks Guidelines.  Parents are ensured that their child is receiving the appropriate education through the explanation and mapping of the frameworks that the school provides.  These parents are also informed of the progress their student will make including continued growth through the strands connected in the variety of classes they encounter at the school. 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Chapter 3: Course Materials As a student teacher teaching varying levels of the same core class many materials were created for the first class I taught and then were adjusted to the correct level of difficulty, guided instruction, and quantity of work.  All of the same basic principles were taught, with the math level being the main factor in changes.  Some classes were more conceptual, some more mathematically problem orientated.  Each class brought a set of challenges in which appropriate materials had to be created and utilized in the most effective manner.  Materials were taken from a variety of sources including other teachers, workbooks, the Internet, and textbooks.  By compiling materials from a variety of sources students saw a variety of assessments. The unit I taught most was the electricity unit and there are any examples of the varying materials with the same base. As part of the electricity unit I used a variety of homework assignments as well.  The labs were mostly the same but the level of guidance was very different.  For the honors students I only gave the instructions, not the worksheet that went along with it.  Attached are the various homework assignments, class work, and labs.  Along with the attached are comments for usage, objective, reasoning, and expectations for the assignments. 
 Electricity Homework, Worksheets, and Labs 
(Selected with Commentary) 






















N       D       B       Measuring Voltage Across a Battery 1. Gather the following materials: electrical meter and its two test leads, and a battery. 2. Connect the two meter leads to the meter.  Make sure that the black lead is always in the COM port and the red lead is in the voltage port. 3. Set the meter to measure DC volts. 4. Place the red positive lead of the meter on the positive terminal of the battery. 5. Place the black negative lead of the meter on the negative terminal of the battery. 6. Record the voltage reading and tell me why it makes sense. Measuring Voltage Across a battery in a circuit.  7. Gather the following additional materials: a battery holder, a bulb, a bulb holder, and two connectors. 8. Build a circuit with the battery you just tested, a battery holder, a bulb, a bulb holder, and two connectors.  9. Predict what the voltage of the battery will be while it is lighting the bulb.  Also explain you reasoning behind this prediction. 10. Measure the voltage across the battery as you did in the last part.  DO NOT DISCONNECT THE CIRCUIT.  11. Record the voltage of the battery while it is lighting the bulb. Building a Circuit with Two Batteries Build circuits with two batteries and two holders, one bulb and holder, and three wires.  Connect the two batteries in four different configurations as shown.  For each configuration do the following: a. Measure the voltage across both batteries before adding the bulb b. Predict if the bulb will light, then connect the bulb and check. c. Measure voltage across the bulb.  Do this by placing one meter lead on one side of the bulb holder and the other meter lead on the other side of the bulb holder. 
 Describe in words how you should wire batteries together in order to light the bulb. 
 Each battery is 1.5 volts.  Explain how to calculate voltage when two batteries are connected. 
 Compare the brightness of a bulb in a one‐battery circuit to a bulb in a two‐battery circuit.  How is the bulb’s brightness related to the energy transfer in each circuit? 
 Explain the meaning of the voltage reading across the bulb. 
Measuring Current in a Circuit 1. Build a series circuit with one bulb and bulb holder, one battery and battery holder, and two connectors.   2. Connect the two meter lead to the meter as shown.  The black lead should still be in the COM port and the red lead in the current port.  3. Set the meter to measure DC current at the highest range. 4. Remove the connector between the positive terminal of the battery and the bulb holder. 5. Place the red positive lead of the meter on the post attached to the positive terminal of the battery. 6. Place the black negative lead of the meter on the free post attached to the bulb holder.  You should now have a complete circuit.  The bulb should light and you should get a reading on the meter. 7. Record the current at point A. 8. Reconnect the circuit and then disconnect at point B. 9. Record your prediction for what the current will be a point B. 10. Following the same procedure from A, use your meter to measure the current at point B.  The positive lead of the meter should be closest to the positive battery terminal, and the negative lead of the meter should be closest to the negative battery terminal. 11. Record the current at point B. 12. Remove the meter and reconnect the circuit. 13. On the same circuit board create another series circuit with two light bulbs as shown. 14. Compare the brightness of the bulbs in these two circuits.  Record your observations. 15. Using the second circuit measure and record the current at point A. 16. Record your predictions for the current at points B and C. 17. Using the same procedure measure and record the current at points B and C.  
 Review the two current readings for circuit 1.  What conclusions can you draw from these results? 
 Review the three current readings for circuit 2.  What conclusions can you draw from these results?   
N       D       B       
  Types of Circuits   Gather the following materials: Electrical meter and its test leads, two batteries and battery holders, two bulbs and bulb holders, three different fixed resistors, and six connectors. Create your own data tables for the appropriate data.  Series Circuit 1. Connect the two batteries, measure and record the voltage across the batteries. 2. Measure and record the resistance of each resistor individually. (To do this you take the resistor out of the circuit and put one lead on each end of the resistor.  Set the meter to measure resistance in Ohms and make sure you lead is connected to the correct port.) 3. Build a series circuit with one resistor. 4. Use the electrical meter to measure and record the current through the circuit. 5. Now add a second resistor to your circuit and repeat Step 4. 6. Add the third resistor to your circuit and repeat Step 4. 7. Using Ohm’s Law (in the form R=V/I), calculate the total resistance in each circuit using the battery voltage and the current for each circuit.  Record these values. Study your calculated resistances.  What is the rule for calculating total resistance in a series circuit, from individual resistances? 8. Now build a series circuit with one light bulb and two batteries. 9. Measure and record the current through the circuit. 10. Measure and record the voltage drop across the bulb.  Do this by placing the red positive meter lead on the positive side of the bulb holder and the black negative lead on the negative side of the bulb holder.  (The circuit needs to be on)   Record this value. 11. Calculate resistance using Ohm’s Law.  Record this value Parallel Circuit 12. Using both batteries, build a parallel circuit as shown.  Measure the current through branch one and branch 2.  (The “A” symbol on the circuit diagram indicates where to measure the current in each branch.)  Record these values. 13. Measure and record the voltage drop across each bulb. 14. Using Ohm’s Law, calculate the resistance in each branch and record these values. Compare the current, voltage drops, and resistance of the series circuit with the parallel circuit. 
Name       Block       
Electric Fields and Potential 
Draw the electric field. 1.       
 
Calculate the Electric Potential (Voltage) 2. The first particle has a potential energy of 5000 J and a charge of 10 C.    3. Another charged particle has a potential energy of 5 J and a charge of 0.01 C.    4. A third ion has 0.05 J of potential energy and 0.0001 C of charge.   
Name         Block           Coulomb’s Law Use a separate sheet of paper to solve the following problems.  Find the electrical force and decide if the two objects are repelling or attracting. 1. You rub a balloon on your hair then put it 1 mm away from the wall and it stays.  The charge of the electrons on the ‐1.6 x 10‐19 C.  The charge of the protons on the wall is 1.6 x 10‐19 C.   2. Magnesium Oxide used in many antacids is composed of magnesium and oxygen.  The charge of magnesium is 3.2 x 10‐19 C and the charge of oxygen is ‐3.2 x 10‐19 C.  The distance between the two is 212 x 10‐21 m.  3. Ammonia, commonly used as a disinfectant, consists of hydrogen and nitrogen atoms.  The charge of the hydrogen atoms is 1.6 x 10‐19 C and the charge of the nitrogen atom is 4.8 x 10‐19 C.  What is the charge of one of the hydrogen atoms and the nitrogen atom that is a distance of 101.7 x 10‐21 m. 4. When the Van de Graff Generator makes your hair stand on end it is adding electrons to you.  These electrons deposit to the ends of your hair and have a force between each of them.  If the charge of each electron is 1.6 x 10‐19 C and the distance between the strands of hair is 0.50 cm.  5. Below are 3 ions, each represented by a circle.  Find the electrical force between 1 and 2, 2 and 3, and 1 and 3.   
     
q= 5.0 x 10‐19 C 
q= 10. x 10‐19 C 
q= 20. x 10‐19 C 
d=1.0 x10‐9m  d=3.0 x10‐9m 1  2  3 
Name Block Solve the following problems.  Do NOT use a CALCULATOR.  If you need more space please use another sheet of paper.  Math Review 1. 1 cm = ________ m 2. 1 mm = ________ m 3. 0.052  4. 102 x 105  5. 1010   105 6. 1020 10‐5 7. (105)2 8. (10‐3)2 9.    106 (10‐1)2 
So back to Coulomb’s Law 
 q1= 5 x 10‐20 C q2 = 10 x 10‐20 C d = 5 cm What is Fe? q1= 9 x 10‐20 C q2 = 10 x 10‐20 C d = 3 mm What is Fe? 
Name       Block       Coulomb’s Law Simplified 1. You have two balloons, one has a charge of ‐4 C and the other has a charge of 10 C.   These two ions are placed 2 meters apart.  What is the Fe?    2. There are two ions each having a charge of 12 C with a distance of 3 meters apart.  What is the Fe?    3. What is the electrical force between two objects on the opposite sides of a room (20 m)?  The charge of object one is 20 C and object two is 5 C.  What is the Fe?    4. Two negative particles in your hair are making it stand on end.  particle one has a charge of  ‐1 C, particle two has a charge of ‐5 C and have a distance of 1cm between them. What is the Fe?    5. A glass rod is rubbed with silk and is charged to be 50 C.  It is brought 10 cm away from paper that has a charge of ‐10 C. What is the Fe?    6. A rubber rod is rubbed with fur and gains a charge of ‐15 C.  It is then brought 5 cm from a balloon that is attracted to it with a charge of 10 C.  What is the Fe? 
N       D       B         Electrostatics  Answer the following questions on a separate sheet of paper.  Make sure you show how you got your answer or explain where needed.  If there is a calculation make sure to put units. 1. A combination of two electrons and three protons would have a net charge of a. +1 b. ‐1 c. +1.6 x 10‐19 C d. ‐1.6 x 10‐19 C  2. The directions of the electric forces on two interacting charges are given by  a. The conservation of charge b. Coulomb’s Law c. The magnitude of the charges d. None of these  3. An electrically neutral object can be given a net charge by several means.  Does this violate the law of conservation of charge?  Explain.  4. If a neutral object becomes positively charged does its mass increase or decrease?  What if it becomes negatively charged?   5. What is the net electric charge of an object with 1 million excess electrons?  6. A glass rod rubbed with silk acquires a charge of +8.0 x 10‐10 C.  (a) What is the charge on the silk?  (b) How many electrons have been transferred to the silk?  7. A rubber rod rubbed with fur acquires a charge of ‐4.8 x 10‐19 C.  (a) What is the charge on the fur? (b) How much mass is transferred to the rod?   8. A balloon is charged by rubbing/friction and then clings to a wall.  Does this mean the wall is also charged?  9. Compared to that of the electric force, the strength of the gravitational force between two protons is a. About the same b. Somewhat larger c. Very much larger d. Very much smaller 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1. The electric force acting on a test charge at a point divided by the value of 
the charge is the: 
a. acceleration of the charge. 
b. electric field created by the test charge. 
c. electric field acting on the test charge. 
d. the energy of the test charge. 
2. The electric field at a distance of 2 mm from a test charge is ___ the field at 
a distance of 4 mm. 
a. the same as 
b. twice as strong as 
c. four times as strong as 
d. half as strong as 
e. one fourth as strong as 
3. The electric field midway between two equal positive charges 
a. is twice as strong as the field of one charge alone. 
b. is half as strong as the field of one charge alone. 
c. is zero 
4. The electric field midway between equal positive and negative charges 
a. is twice as strong as the field of one charge alone and points toward 
the negative charge. 
b. is twice as strong as the field of one charge alone and points toward 
the positive charge. 
c. is zero 
5. Which of the following is not true about electric field lines? 
a. Lines begin on positive charge and end on negative. 
b. Lines are close together where the field is strong. 
c. The direction of the electric force on a charge is tangent to the field 
line. 
d. All these statements are true. 
e. None of these statements are true. 
6. The electric field inside a positively charged conductor 
a. is zero. 
b. points outward. 
c. points inward. 
7. If a negative charge is moving to the north in an electric field which is 
directed to the north, the charge will: 
a. speed up 
b. slow down 
c. be unaffected 
8. Draw the electric field for the following charged items. 
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For each of the four diagrams tell if work is done on the charge when moving it from point A to point B and 
where the electric potential is the greatest (A or B).  Also answer the additional question on electric potential 
calculations. 
 
Work done on charge? 
Electric potential is greatest at: 
If the charge is 5 Coulombs and the Potential Energy at B is 1J, what is the electric potential? 
 
 
Work done on charge? 
Electric potential is greatest at: 
If the charge is 15 Coulombs and the Potential Energy at B is 10J, what is the electric 
potential? 
 
 
Work done on charge? 
Electric potential is greatest at: 
If the charge is 20 Coulombs and the Potential Energy at B is 2J, what is the electric potential? 
 
 
  
Work done on charge? 
Electric potential is greatest at: 
If the charge is 10 Coulombs and the Potential Energy at B is 15J, what is the electric potential? 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Electricity
Across 
3. A charge gains this type of energy when 
you do work on it 
5. A type of charging where contact does not 
need to be made 
7. Electrical energy storage device 
8. The flow of charge 
10. This occurs when the atoms rearrange so 
positives are on one side and negatives are 
on the other 
12. This occurs when lightning strikes but 
doesn’t enter your car 
14. This is the type of ion you get when you 
have missing electrons 
15. Electric fields point ____ negative charges 
16. An object that electrons cannot move 
easily through 
17. Another name for electric potential 
Down 
1. Positively charged part of atom 
2. Forces that a charge creates makes one of 
these 
4. Negatively charged part of atom 
6. This is the type of ion you get when you 
have extra electrons 
8. An object that electrons can move easily 
9. Charging by rubbing two objects together 
11. Electric fields point ___ from positive 
charges 
13. A type of charging that involves a path to 
the ground
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Chapter 4: Students As a student teacher I was able to teach students at all levels at Wachusett Regional High School.  The first level I began teaching was the academic foundation (AF) level.  In total I taught two AF classes and believe this is the easiest and most rewarding level for my personal teaching style.  These students “must have completed or be taking Algebra or received a mid‐year Grade of C‐ or better in Transition Math 8th grade and must have scored in the 5th stanine or higher in Math in the MAT 8 tests plus teacher recommendation” (WRHS Program of Studies, 84).  Since science is the application of math it is important that all students in a level have the same background.   The students in the AF level were very personable and the majority was self‐motivated.  These students enjoyed hands‐on, visual activities over notes or direct instruction.  As a group AF students interacted well with each other and were regularly participating.  Students were not fearful of answering with incorrect responses or asking questions for clarification.  The AF students were well balanced between school and outside activities.  Students rarely were behavioral issues with the majority of offences being chattiness with peers due to the social nature of the group.  Attendance also was rarely an issue allowing for student to truly learn all they needed in the order presented.  When students were absent notes were printed and activities were made up afterschool or during other down time in the school day.  These students were not particularly fond of direct instruction but learned better with indirect, cooperative teaching, which included projects and groupwork.  These students were the typical students of the school and mostly went home to a loving family that was involved in their education process. Once well adjusted to teaching AF classes, two honors classes were given to me.  These students presented more of a challenge than I had imagined they would.  In order to be accepted into the honors program students “must have completed algebra or received a mid‐year Grade of B‐ or better in algebra this year (8th grade) and score in the 8th stanine or higher in both Math and Science in MAT 8 test plus teacher recommendation” (WRHS Program of Studies, 84).  This prerequisite knowledge needed was very important to keeping the pace and difficulty level of the class.  A few students did not have the 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background to be at this level but had transferred from another school district or had been pushed by parents to participate in the rigorous course.  The honors students wanted to know exactly what they should memorize to get the A on the test.  These students were also afraid to be wrong in front of their peers leading to very boring classes with no personality.  I had to work to liven things up and try new things in order to have some level of participation.  When working on hands on, self discovery activities they wanted more direction and did not like that I would respond to their questions with guiding questions rather than direct answers.  They were determined to learn through direct instruction rather than to self guide some of their learning.  I saw this as a point where I worked to break them out of their routine and strived to show them there is more to academic life than the notes and memorization.  There was understanding and gratuity from the students in the end.   Many of these students were going home to parents who encouraged them to excel in academics.  With this support these students had an advantage compared to other levels.  Parents of these students frequently helped with the yearlong projects and came afterschool to receive guidance from the student’s teachers. The most challenging class level I taught was the academic enrichment (AE) level of students.  This class was intended for students who have a weaker mathematical background but were conceptually able to understand a science.  Unfortunately as it worked out in the school system many students with behavioral issues were placed in this level to avoid disruption in other levels.  These students I learned the most about because I observed them for many months before teaching them.  They became very interesting and each have a personal background more individual than the student of my other classes who came from similar backgrounds as their classmates.  This class was a mixture of students with greatly varying home lives.  The students in the lower level class I taught had many issues including behavioral, attendance, and home life.  This class was also of extra behavioral issues because 5 out of 9 were not able to pass for the year since it was so late in the year when I taught them.  This class had such a variety of students in comparison to the other two levels taught. 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Two of the students in this particular class had learning disabilities and struggled to do well but were sincere in their efforts.  One of these students had particular difficulties in reading and writing and was considered to be partially illiterate.  The second had trouble connecting the lessons and needed more of the individual attention of a teacher.  The other seven students seemed to always want attention and to be in the spotlight seeking it in any way possible.  They did not have internal filters and blurted out whatever came to mind at the particular time.  My most challenging student was manipulative and always trying to be in the teacher’s face just to elicit a response.  Many times I did not react the way she wanted and she became frustrated with my calmness.  Her tactics of trying to elicit responses alienated student and teachers alike.  This tactic lead to her becoming progressively more unpleasant and disrespectful throughout the weeks since no one would shine the spotlight on her.   She received little attention and tried more daring ways to gain the attention she desired.  This student was the only student I had to ask to leave the room throughout my four months of teaching.  Also she was the only student I took disciplinary action with her administrator which seemed to worsen the situation.  Overall she was one of the most intelligent students in the classroom but had many behavioral and home issues, which led to an attitude of apathy towards academics and respect of others. Her best friend was put into a bad circumstance and became one of her only friends as she alienated students through the year.  She was intelligent, quiet, and shy and saw something in her friend that no one else could see.  This student had significant potential and with the right environment could be an excellent student.  As a student in this lower level class she was the most polite and pleasant of the bunch. My second most challenging student preferred to stay at home hung over or babysitting her infant nephew.  She came to class with plenty of stories to tell of her home life and never spent a full week in school.  When she did come to class being high was a problem many times especially after lunch.  This became a growing issue because of administrator denial of a school‐wide drug problem easily apparent to teachers and other students.  Her temper also got the best of her many times and she was in need of some sort 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of alternative education.  Other teachers agreed with this but the school did not want to have the expense of one more child in the program when budget cuts were so deep.  This student I believe was slipping through the cracks of the high school and has the potential to rise above family issues and succeed. The sidekick to this student was an outstanding academic when she completed work.  She was unmotivated to do the work but as she did complete work, her work was done correctly.  If in another environment her success would have occurred because she was the typical teenage student who wanted to gossip more than learn physics.  She was also a very pleasant student one on one but in the collaborative setting of the classroom wanted to fit in with the other disruptive and disrespectful students. Another pair in the class was a male‐female pair who wanted nothing to do with physics or school.  The female was court ordered to attend school but very intelligent, knowing if she did not attend worse circumstances would come about.  She was academically intelligent as well but seemed to be lacking something on the home front especially because her sister was receiving all the attention since she was pregnant.  The male was constantly attempting to gain the attention of the female student and bothered her throughout the class.  This became more of a nuisance than an actual behavioral problem and led to his lack of motivation to do the academic tasks at hand. The final student in the class was in the academic enrichment program for the correct reasons similar to the first two I described.  He needed the boost in academic skills but desperately wanted to fit in with the crowd.  This led to some behaviors that I would not foresee occurring in a different setting.  Mostly being all about the talk, this student usually participated and attempted the academic tasks presented to him. When teaching these students notes were painful.  It became more of a motivational issue than content.  In order for them to even somewhat participate in the lesson they had to be motivated by some outside factor.  At first the MCAS was a motivation but they realized that they could take the biology exam the following year.  In order to spark the interests to motivate them I tried various other methods such as hands on learning by making circuits and seeing how they work.  On some of the other days, movies with topic 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specific content were used to change things up.  These students could not be in a regular routine making it very hard to cover content.  Many more creative strategies were used to help motivate these students. Once these students left me the teacher had a plan of teaching them basic life skills in order to survive the world they were bringing themselves to.  They were to learn computer skills, banking, and personal hygiene.  These students did not understand basic personal issues and skills, which are much needed in the society we live in.  Even though not in the curriculum these students will benefit from the end of the school year with these topics then trying to painfully teach the physics to them. Overall students had the consensus that lecturing became very boring for them and for me.  As a general learning experience we agreed of a variety of activities to spark interests and motivation in the individual students so that the collective group would come together to succeed in furthering their academic knowledge.  The variety of students, learning styles, behaviors, and home life situations created an interesting dynamic in the teaching process. 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Chapter 5: Assessment Assessment is a major part of teaching and takes a variety of forms.   These can include formal examinations and quizzes, group projects, labs, and less formal class discussion.  Assessment shows student achievement and allows the educator to see where students are struggling.  Formal assessment used in the classroom helps compile grades, which are used to calculate overall progress.  Informal assessment is used more as a guide as to where students are at in the learning process. The following are an example of varying levels of the tests I gave for the electricity unit exam.  For the first class I broke it up into two exams to cover the different parts of electricity.  After the first class I felt quizzes would show progression and then a final test would show true understanding in a combination of electricity.  Also learning from the first class I determined the appropriate difficult level for formal assessments. The formal assessments are attached with a variety of commentary on them including reasoning, and what led me to create or use these assessments.    
 Electricity Formal Assessment 
(Tests and Quizzes) 
Name       Block       Coulomb’s Law  Be sure to check units used in the problems.  Note whether the objects attract or repel each other.  You do not need a calculator for these problems.  Do these problems on a separate sheet of paper because there is not enough room on this sheet. 
Word Problems 1. You have two ions on a balloon, one has a charge of ‐2.0 x 10‐20 C and the other has a charge of 8.0 x 10‐20 C.   These two ions are 4 cm apart.  What is the Fe? 2. Two positively charged particles are in your hair are making it stand on end. Each particle has a charge of 1.6 x10‐20 C and there is a distance of 1.6 mm between them.  What is the Fe? 3. A glass rod is rubbed with silk and is charged to be 1 x 10‐10 C.  It is brought 10 cm away from paper that has a charge of ‐2 x 10‐10 C. What is the Fe? 4. A rubber rod is rubbed with fur and gains a charge of ‐18 C.  It is then brought 9 mm from a balloon that is attracted to it with a charge of 10 C.  What is the Fe? 
Basic Math Problems q1= 5 x 10‐20 C q2 = 10 x 10‐20 C d = 5 cm What is Fe? q1= 9 x 10‐20 C q2 = 10 x 10‐20 C d = 3 mm What is Fe?  
Name         Block          
Chapter 32 and 33 Test 
For all problems make sure your final answer is clearly labeled with units.  For multiple choice 
make sure your answer is clearly marked.  Always choose the best answer.        
Multiple Choice  1. Which of the following is/are ion(s)? a. An atom that contains more protons than electrons. b. An atom that contains more electrons than protons. c. A charged atom. d. All of the above. 2. Coulomb’s Law tells us a. Charges repel when the same b. Charges attract when opposite c. The relationship between the forces between two charges 3. In a conductor a. Electrons cannot move easily b. Electrons can move easily c. Protons can move easily d. Neutrons can move easily 4. In an insulator a. Electrons cannot move easily b. Electrons can move easily c. Protons can move easily d. Neutrons can move easily 5. Two negative charges a. Repel each other b. Are acted on by electric forces c. Create an electric field d. All of the above 
6. A balloon is charged by rubbing it against your hair and stripping the electrons from you hair.  It was charged by _______________ and has a _______________ charge. a. Induction, Negative b. Induction, Positive c. Friction, Negative d. Friction, Positive 7. The balloon is now sticking to the wall.  This happens because the wall is a. Negatively charged b. Positively charged c. Polarized d. Taking electrons from the balloon 8. The electric potential energy is the energy a charged object has because of its a. Position b. Size c. Velocity d. Motion 9. The units of electric potential is a. Joules b. Coulombs c. Volts d. Newtons 10.  A capacitor is a device that a. has two conductors b. stores energy c. is found in many electronics d. all of the above 
Problems 11. Draw the corresponding positive ion and negative ion to the atom below.  Label neutrons (n), protons (p), and electrons (e) as well as each of their charges(+ or ‐).   
      12. Suppose two ions are each having charges of 4.0 x 10‐4 C and 2.0 x 10‐4 C.   A distance of 2.0 x 10‐4 C separates them.  What is the electric force between these two ions?     13. What are the three types of charging?  Label each picture. 
       ____________________________      __________________________________________ 
 _____________________________________________________________________ 
Neutral Atom     Positive Ion      Negative Ion 
 14. Explain what happens when the charged rod is brought near the water stream.  Draw in the charges in the water stream.  
 15. Which positive test charge (represented by black circle) has the greatest potential energy?   Explain your reasoning. 
 16. A group of charges have a total potential energy of 5000 kJ and a total charge of 1 x 10‐3 C.  What is the voltage?  
‐‐‐‐‐‐‐‐‐‐‐‐‐ 
A  B  C 
Name       Block       Chapter 34 and 35 Test  Answer all questions fully and choose the best answer.  Remember to use units. 1. Electric current is the flow of charge, what causes this flow of charge? a. Energy b. Voltage c. Charges d. Resistance 2. Electrical resistance in a wire depends on the wire’s a. Conductivity b. Length c. Thickness d. All of the above 3. If you accidentally grabbed the prongs of a partially plugged in 120 V electrical plug on a day when your skin resistance was 12,000 Ω, how much current would pass through your body? a. 12,000,000 A b. 1000 A c. 120 A d. 0.01 A 4. The reason a bird can perch harmlessly on bare high voltage wires is that a. A bird has a very high electrical resistance b. A bird’s feet are close together c. There is no potential difference across the bird’s feet d. All of these 5. When you have three bulbs in series what happens to the energy a. Divides equally b. Is transferred to heat c. Is zero between the last bulb and the negative end of the battery d. All of the above 6. Electrons in a wire are a. Moving slowly b. Moving very fast c. Create a net charge in a wire d. Are nonexistent 
7. When two light bulbs are connected in series a. The same amount of current always flows through each light bulb b. The current through each light bulb is proportional to its resistance c. When one goes out they other stays lit d. When one goes out the other light bulbs gets brighter 8. The voltage/potential difference in each branch of a parallel circuit shown is a.   3 V b. 9 V c. 6 V d. 1 V  9. Voltage is measured ___________________ a circuit.   10. Current is measured ___________________ a circuit.   11. What is the power of a lamp with a resistance of 12 Ω connected to a 120 V outlet?       12.  If the electricity costs $0.08 per kWh and you have the lamp on for 8 hours a day for 2 days what would you pay the electric company?    13. Name the two types of current and give an example of each.   14. What does a switch do in a circuit?  How does it relate to open and closed circuits?    15. Draw two batteries put together so they will work (label positive and negative).  When they are put together what is the voltage of the circuit if each battery is 1.5 V?   
16. Draw a series circuit with three resistors, two batteries, and a switch.    17. What is the total resistance of this circuit if each resistor is 5 Ω.   18. Draw a circuit with 2 batteries, 3 light bulbs in parallel, and switches to make it so you can shut off each light bulb individually.     19. What is the total resistance of the circuit if the resistance of light bulb 1 is 3 Ω, and light bulbs 2 and 3 are 6 Ω.    20. Find the current in each branch then tell me the current between: 1 & 2, 2 & 3, 3 & 4. R1= 6 Ω R2=3 Ω R3 = 1 Ω          






N     D     B     Ch. 32 Quiz 1. A balloon is charged by rubbing it against your hair and stripping the electrons from you hair.  It was charged by ___________________________ and has a _____________________ charge.  2. The balloon is now sticking to the wall.  This happens because the wall is ______________________________.  3. The units for the constant k are ____________________.  4. Give an example of each of the following; a conductor, semi‐conductor, insulator, and superconductor.     5. Draw the corresponding positive ion and negative ion to the atom below.  Label neutrons (n), protons (p), and electrons (e) as well as each of their charges(+ or ‐).   
      6. What are the three types of charging?  Label each picture. 
       ____________________________      __________________________________________ 
Neutral Atom     Positive Ion      Negative Ion 
 _____________________________________________________________________  7. You have two ions on a balloon, one has a charge of ‐2.0 x 10‐20 C and the other has a charge of 8.0 x 10‐20 C.   These two ions are 4 cm apart.  What is the Fe?         8. Two positively charged particles are in your hair are making it stand on end. Each particle has a charge of 1.6 x10‐20 C and there is a distance of 1.6 mm between them.  What is the Fe?         9. A glass rod is rubbed with silk and is charged to be 1 x 10‐10 C.  It is brought 10 cm away from paper that has a charge of ‐2 x 10‐10 C. What is the Fe?   
Name         Block          
Chapter 32 Quiz 
For all problems make sure your final answer is clearly labeled with units.  For multiple choice 
make sure your answer is clearly marked.  Always choose the best answer.       
Multiple Choice  1. Electrons can move easily a. In a conductor b. In an insulator c. In both an insulator and conductor d. In neither an insulator or conductor 2. Electrons cannot move easily a. In a conductor b. In an insulator c. In both an insulator and conductor d. In neither an insulator or conductor 3. Two opposite charges a. Attract each other b. Are acted on by electric forces c. Create an electric field d. All of the above 4. A comb is charged by combing your hair which the comb strips electrons from you hair.  The comb was charged by _______________ and has a _______________ charge. a. Induction, Negative b. Induction, Positive c. Friction, Negative d. Friction, Positive 5. The comb is then brought above a pile of paper and the paper jumps up.  This happens because the paper is a. Negatively charged b. Positively charged 
c. Polarized d. Taking electrons from the balloon 
Problems 6. Suppose two ions that have charges of 2.0 x 10‐6 C and 5.0 x 10‐6 C.   A distance of 3.0 x 10‐6 m separates them.  What is the electric force between these two ions?       7. What are the three types of charging?  Label each picture. 
  _____________________________________________________________________ 
          ______________________________________      __________________________________________ 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Electric Fields and Potential Quiz 
 
1. A cart on a track 
has a large, positive 
charge and is located 
between two sheets of 
equal magnitude 
charge.  Initially at 
rest at point A, the 
cart moves from A to 
C.   
  
  
a. Draw the electric field the two plates are creating. 
 
 
 
 
 
 
b. Draw qualitative force diagrams for the cart at positions A, B and C.   
*Remember Coulomb’s Law and the cart is on EARTH 
  
  
 
  
  
 
 
 
 
 
 
c. Draw energy bar charts for the cart when it is at each position A, B and C.    
(Label each bar’s Location) 
 
A  B  C 
0 25 
50 75 
100 
Kinetic Energy  Potential Energy 
P
er
ce
n
ta
ge
 
Energy at each location 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Electric Potential Model Worksheet 1: 
Electric Potential Energy 
 
1. A cart on a track has a large, positive charge and is located between two sheets of charge.  Initially 
at rest a  point A, the cart moves from A to C.  
 
 
a. Draw qualitative force diagrams for the cart at positions A, B and C. 
 
 
 
 
 
 
b.  Draw qualitative energy bar charts for the cart when it is at each position A, B and C.    
List the objects that make up your system: 
 
 
 
 
 
c.  How would your force and energy diagrams change (if at all) if the sheet to the right were 
also positively charged? 
 
 
diss diss diss 
 
 
d. Where does the cart have the greatest electric potential? 
 
 
 
  
2. For each of the four diagrams tell if work is done on the charge and where 
the electric potential is the greatest. 
 
 
Work done on charge? 
Electric potential is greatest at: 
 
 
 
 
Work done on charge? 
Electric potential is greatest at: 
 
 
  
 
Work done on charge? 
Electric potential is greatest at: 
 
 
 
 
  
Work done on charge? 
Electric potential is greatest at: 
 
  
 
5‐2 
Along with formal assessments were labs and question and answer conversation.  The labs are shown in chapter 3 and were taken from the lab book that came with the equipment available at the school.  This allowed for me to see where students were going wrong in lab and where they had misconceptions.   These labs and other activities were aided by posing questions and receiving feedback answers from students.  Through this discussion format it was easily determined which topics needed to be reviewed and which topics the class understood. The most important form of assessment were the review games because they were most interactive and allowed for me and the students to see where they stood before a formal assessment occurred.  The following attached are the various games that were used and many questions were similar to those used on the formal assessments. 
 Informal Assessment 
(Review Games) 
10/8/08 
1 
A Comical Review Game 
Chapters 32 and 33 
10/8/08 
2 
10/8/08 
3 
10/8/08 
4 
10/8/08 
5 
Problem 
What is the force on an object that has a  charge of 10 C 
and is brought 3 cm away from another object with a 
charge of 20 C? 
10/8/08 
6 
Problem 
What is the force on a rod that has a charge of -5.0 x 10-20 
C and is near a fur mat that has a charge of 5.0 x 10-20 C 
with a distance of 5mm between? 
Problem 
A dog’s fur is combed and the comb gains a charge of 4.0 
x 10-9 C. What is the electric force between the fur and 
the comb when the two are separated by 2.0 x 102 m? 
10/8/08 
7 
Units Check 
•  Show how the units work out in the Coulomb’s Law 
Equation. 
Fe = k 
q1q2 
  d2 
10/8/08 
8 
10/8/08 
9 
10/8/08 
10 
10/8/08 
11 
+ 
10/8/08 
12 
10/8/08 
13 
10/8/08 
14 
Problem 
What is the voltage of a group of charges that have a total 
potential energy of 2500 J and a charge of 2.5 x 10-10 C? 
10/8/08 
15 
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:49 PM
 
Polarized
 
Insulator Induction Ohm Proton
 
Watts
 
Increases Coulomb Parallel Circuit Attract
 
Series Circuit
 
Coulomb's Law Volt Conductor Electron
 
Friction
 
Negative Neutron Grounding Through
 
Across
 
Repel Amphere Capacitor Postive Test Charge
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Amphere Series Circuit
Coulomb Insulator
Friction Grounding
Volt Neutron
Capacitor Postive Test Charge
Ohm's Law Parallel Circuit
Repel Through
Proton Induction
Conductor Across
Increases Ohm
Electron Watts
Polarized Coulomb's Law
Negative Attract
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:51 PM
 
Postive Test 
Charge
 
Grounding Across Through Capacitor
 
Proton
 
Neutron Parallel Circuit Series Circuit Coulomb's Law
 
Negative
 
Ohm Electron Coulomb Amphere
 
Attract
 
Polarized Induction Conductor Friction
 
Repel
 
Ohm's Law Volt Insulator Watts
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Volt Negative
Parallel Circuit Grounding
Attract Conductor
Electron Induction
Insulator Watts
Increases Friction
Ohm's Law Series Circuit
Capacitor Across
Coulomb Repel
Through Neutron
Amphere Proton
Postive Test Charge Ohm
Polarized Coulomb's Law
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:49 PM
 
Insulator
 
Grounding Across Parallel Circuit Watts
 
Coulomb's Law
 
Repel Coulomb Attract Capacitor
 
Electron
 
Negative Postive Test Charge Series Circuit Through
 
Increases
 
Proton Ohm Induction Ohm's Law
 
Friction
 
Volt Amphere Neutron Polarized
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Amphere Electron
Grounding Coulomb
Increases Induction
Ohm Postive Test Charge
Polarized Neutron
Conductor Attract
Volt Ohm's Law
Watts Across
Series Circuit Friction
Parallel Circuit Repel
Through Coulomb's Law
Insulator Negative
Proton Capacitor
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:50 PM
 
Attract
 
Electron Friction Ohm Grounding
 
Coulomb
 
Parallel Circuit Amphere Capacitor Increases
 
Postive Test 
Charge
 
Ohm's Law Neutron Series Circuit Repel
 
Induction
 
Volt Watts Negative Across
 
Proton
 
Polarized Insulator Through Coulomb's Law
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Insulator Postive Test Charge
Electron Amphere
Negative Induction
Watts Neutron
Coulomb's Law Through
Conductor Capacitor
Polarized Across
Grounding Friction
Proton Series Circuit
Parallel Circuit Ohm
Repel Coulomb
Attract Ohm's Law
Volt Increases
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:50 PM
 
Insulator
 
Ohm Increases Polarized Electron
 
Watts
 
Parallel Circuit Friction Negative Through
 
Coulomb
 
Proton Amphere Induction Capacitor
 
Coulomb's Law
 
Grounding Attract Neutron Postive Test Charge
 
Series Circuit
 
Across Ohm's Law Repel Conductor
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Ohm's Law Ohm
Friction Coulomb
Neutron Coulomb's Law
Amphere Attract
Conductor Repel
Volt Postive Test Charge
Negative Across
Electron Increases
Induction Series Circuit
Polarized Parallel Circuit
Capacitor Watts
Insulator Proton
Grounding Through
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:50 PM
 
Series Circuit
 
Polarized Repel Amphere Coulomb
 
Ohm's Law
 
Through Parallel Circuit Increases Grounding
 
Capacitor
 
Friction Induction Postive Test Charge Across
 
Conductor
 
Electron Insulator Proton Attract
 
Watts
 
Coulomb's Law Neutron Volt Negative
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Neutron Capacitor
Parallel Circuit Polarized
Proton Conductor
Insulator Induction
Negative Volt
Ohm Coulomb's Law
Attract Increases
Coulomb Repel
Watts Postive Test Charge
Through Amphere
Across Ohm's Law
Series Circuit Friction
Electron Grounding
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 2:10 PM
 
Coulomb
 
Increases Series Circuit Volt Neutron
 
Across
 
Grounding Postive Test Charge Induction Attract
 
Through
 
Watts Proton Ohm's Law Negative
 
Conductor
 
Capacitor Electron Polarized Amphere
 
Repel
 
Parallel Circuit Insulator Coulomb's Law Ohm
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Insulator Increases
Through Postive Test Charge
Conductor Polarized
Electron Proton
Coulomb's Law Ohm
Friction Induction
Amphere Parallel Circuit
Neutron Series Circuit
Repel Ohm's Law
Volt Grounding
Negative Across
Coulomb Watts
Capacitor Attract
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:53 PM
 
Capacitor
 
Coulomb Electron Grounding Negative
 
Amphere
 
Polarized Proton Ohm's Law Through
 
Volt
 
Coulomb's Law Across Induction Insulator
 
Increases
 
Conductor Ohm Neutron Watts
 
Series Circuit
 
Friction Parallel Circuit Postive Test Charge Attract
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Parallel Circuit Proton
Coulomb Volt
Increases Neutron
Across Ohm
Attract Postive Test Charge
Repel Friction
Watts Ohm's Law
Negative Electron
Series Circuit Induction
Grounding Polarized
Insulator Amphere
Capacitor Coulomb's Law
Conductor Through
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:54 PM
 
Conductor
 
Polarized Neutron Friction Increases
 
Coulomb's Law
 
Induction Negative Parallel Circuit Across
 
Watts
 
Electron Attract Capacitor Grounding
 
Coulomb
 
Ohm's Law Amphere Series Circuit Insulator
 
Repel
 
Through Proton Ohm Postive Test Charge
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Proton Watts
Polarized Negative
Coulomb Series Circuit
Attract Amphere
Ohm Postive Test Charge
Volt Insulator
Through Parallel Circuit
Increases Neutron
Capacitor Repel
Friction Induction
Grounding Coulomb's Law
Conductor Electron
Ohm's Law Across
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:53 PM
 
Proton
 
Ohm's Law Increases Grounding Volt
 
Watts
 
Coulomb Electron Polarized Insulator
 
Negative
 
Capacitor Induction Series Circuit Conductor
 
Friction
 
Attract Amphere Neutron Parallel Circuit
 
Repel
 
Ohm Through Postive Test Charge Coulomb's Law
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Through Ohm's Law
Electron Negative
Friction Neutron
Amphere Induction
Postive Test Charge Coulomb's Law
Across Ohm
Polarized Parallel Circuit
Volt Increases
Repel Series Circuit
Coulomb Grounding
Conductor Watts
Proton Capacitor
Attract Insulator
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:51 PM
 
Across
 
Polarized Series Circuit Watts Induction
 
Through
 
Electron Ohm Conductor Postive Test Charge
 
Increases
 
Insulator Volt Attract Negative
 
Proton
 
Friction Coulomb's Law Capacitor Parallel Circuit
 
Coulomb
 
Repel Grounding Neutron Amphere
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Grounding Polarized
Increases Ohm
Proton Capacitor
Coulomb's Law Volt
Neutron Amphere
Ohm's Law Parallel Circuit
Repel Conductor
Induction Series Circuit
Attract Coulomb
Electron Watts
Negative Through
Across Insulator
Friction Postive Test Charge
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:53 PM
 
Electron
 
Negative Postive Test Charge Attract Amphere
 
Neutron
 
Increases Parallel Circuit Repel Conductor
 
Grounding
 
Series Circuit Across Watts Induction
 
Through
 
Ohm's Law Coulomb Volt Insulator
 
Ohm
 
Capacitor Coulomb's Law Friction Proton
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Coulomb's Law Grounding
Negative Parallel Circuit
Through Volt
Coulomb Across
Friction Proton
Polarized Capacitor
Insulator Repel
Amphere Postive Test Charge
Ohm Watts
Increases Attract
Induction Neutron
Electron Series Circuit
Ohm's Law Conductor
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:52 PM
 
Amphere
 
Ohm's Law Increases Coulomb Proton
 
Capacitor
 
Grounding Repel Insulator Negative
 
Electron
 
Polarized Neutron Coulomb's Law Volt
 
Attract
 
Across Conductor Friction Watts
 
Induction
 
Series Circuit Postive Test Charge Ohm Through
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Postive Test Charge Repel
Ohm's Law Electron
Attract Friction
Conductor Neutron
Through Ohm
Parallel Circuit Series Circuit
Watts Insulator
Proton Increases
Induction Coulomb's Law
Grounding Coulomb
Volt Capacitor
Amphere Polarized
Across Negative
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:51 PM
 
Neutron
 
Amphere Series Circuit Postive Test Charge Induction
 
Ohm's Law
 
Coulomb's Law Electron Attract Parallel Circuit
 
Proton
 
Negative Through Conductor Insulator
 
Grounding
 
Repel Across Capacitor Polarized
 
Ohm
 
Coulomb Watts Friction Volt
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Watts Electron
Amphere Proton
Grounding Capacitor
Across Through
Friction Volt
Increases Polarized
Attract Coulomb
Induction Series Circuit
Conductor Ohm
Postive Test Charge Coulomb's Law
Insulator Ohm's Law
Neutron Negative
Repel Parallel Circuit
Your Bingo Card Is Ready! http://www.teach-nology.com/cgi-bin/bingo5.cgi
1 of 1 5/4/08 1:52 PM
 
Friction
 
Increases Coulomb Conductor Repel
 
Watts
 
Proton Grounding Ohm's Law Series Circuit
 
Electron
 
Induction Ohm Amphere Across
 
Parallel Circuit
 
Negative Neutron Volt Insulator
 
Attract
 
Polarized Through Coulomb's Law Capacitor
 
 
 
 
 
 
 
 
 
 
 
 
  Shuffle Words
Through Grounding
Increases Electron
Volt Parallel Circuit
Ohm Neutron
Capacitor Coulomb's Law
Postive Test Charge Polarized
Ohm's Law Insulator
Repel Coulomb
Amphere Attract
Conductor Proton
Across Watts
Friction Induction
Negative Series Circuit
1 
Jeopardy 
Temperature 
and Heat 
Q= Heat Transfer Change of 
Phase 
Miscellaneous 
10 10 10 10 10 
20 20 20 20 20 
30 30 30 30 30 
40 40 40 40 40 
50 50 50 50 50 
When in something a thermometer 
measures the temperature of the  
substance by… 
Temperature and Heat – 10 points 
Coming to thermal equilibrium 
of the substance and taking 
the temperature of itself 
2 
This energy is measured by a 
thermometer. 
Temperature and Heat – 20 points 
Average Kinetic Energy 
In what direction does heat flow? 
Temperature and Heat – 30 points 
From high average kinetic energy 
to low average kinetic energy (high 
temperature to low temperature) 
3 
If the temprature is 373 K what is it 
in °C ? 
Temperature and Heat – 40 points 
100°C 
What is the difference between 
temperature and heat? 
Temperature and Heat – 50 points 
Temperature is the measure of 
average kinetic energy in a 
substance while heat is the 
transfer of these energies 
4 
The c in the equation stands for 
specific heat.  What is specific heat? 
  Q=  – 10 points 
Specific heat is the thermal inertia 
of an object, how hard it is to 
change its temperature 
You have a 5g piece of ice that 
warms from -10°C to 0°C.  What is 
the heat transferred? 
  Q=  – 20 points 
50 calories 
5 
The 5g piece of ice is changing from 
solid to liquid but staying at 0°C.  
What is Q in calories? 
  Q=  – 30 points 
400 calories 
5g of 0°C water warms up to 100°C.  
What is the Q in calories? 
  Q=  – 40 points 
500 calories 
6 
A sample of 10g of water at 100 °C 
changes to steam.  What is the heat 
associated with these changes in 
Calories? 
  Q=  – 50 points 
5.4 Calories 
When you touch two objects, object 
1 feels colder than object 2.  Which 
object is the better insulator? 
  Heat Transfer  – 10 points 
Object 2 
7 
While holding onto a metal rod with 
one end near a hot fire what type of 
heat transfer must you worry about? 
  Heat Transfer  – 20 points 
Conduction 
The type of heat transfer that causes 
winds and currents. 
  Heat Transfer  – 30 points 
Convection 
8 
Heat transfer through 
electromagnetic waves. 
  Heat Transfer  – 40 points 
Radiation 
A good absorber is a poor reflector, 
explain how radiation works in 
terms of absorption, reflection, and 
emission. 
  Heat Transfer  – 50 points 
Whatever is absorbed is 
eventually emitted and 
whatever isn’t absorbed is 
reflected. 
9 
Evaporation is a _____ process and 
condensation is the opposite of this. 
  Change of Phase – 10 points 
Cooling 
This process is similar to 
evaporation but occurs throughout 
and not just on the surface. 
  Change of Phase – 20 points 
Boiling 
10 
The amount of energy per unit 
mass to change a solid to a liquid is 
this. 
  Change of Phase – 30 points 
Heat of Fusion 
The amount of energy per unit mass 
to change a liquid to a gas is this. 
  Change of Phase – 40 points 
Heat of Vaporization 
11 
Why does water boil in a vacuum 
then change to ice?   
  Change of Phase – 50 points 
The water boils because of the 
lack of atmospheric pressure 
then turns to ice because 
boiling is a cooling process. 
When two objects are touching and 
transferring heat we say they are in 
this.  Once all the heat is transferred 
we say they are in this. 
  Miscellaneous – 10 points 
Thermal Contact 
Thermal Equilibrium 
DOUBLE 
QUESTION!!! 
12 
A ball is too large to fit through a 
ring, what is a solution to get it 
through the ring? 
  Miscellaneous – 20 points 
Heat the ring up 
In what part of a frozen lake is the 
coldest water? 
  Miscellaneous – 30 points 
Right under the ice 
13 
Some believe an increase in these 
will lead to Global Warming 
problems.  These work to keep our 
atmosphere warm by absorbing 
some of the suns energy.   
  Miscellaneous – 40 points 
Greenhouse Gases 
You and a friend have two cups of 
cocoa and want the one that will be 
hotter after 15 minutes.  One is 
80°C and the other is 70°C.  Which 
would you pick? 
  Miscellaneous – 50 points 
The 70°C one 
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What is a charged
 atom 
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A:  Electrons cannot flow 
C:  Electrons can flow 
B:  Protons can flow 
D:  Neutrons can flow 
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In a conductor 
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A:  Charging 
C:  Polarization 
B:  Magic 
D:  Flow of Charge 
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When the paper sticks to
 the comb what is
 occurring? 
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Congratulations! 
You’ve Reached 
the $1,000 
Milestone! 
t l ti ! 
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A:  Electrons 
C:  Voltage 
B:  Current 
D:  Resistance 
50:50 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
$1 Million 
$500,000 
$250,000 
$125,000 
$64,000 
$32,000 
$16,000 
$8,000 
$4,000 
$2,000 
$1,000 
$500 
$300 
$200 
$100 
What causes charge
 to flow? 
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A:  Induction 
C:  Friction 
B:  Polarization 
D:  Grounding 
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Which is not a type
 of charging 
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A:  Moving very fast 
C:  Moving very slowly 
B:  Create a net charge
 in the wire 
D:  Are nonexistent 
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Electrons in a wire
 are 
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A:  Away from a positive 
C:  Away from a negative 
B:  Toward a positive 
D:  Around a negative 
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Electric field lines
 point 
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A:  Size 
C:  Velocity 
B:  Motion 
D:   Position 
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The electric
 potential energy is
 the energy a
 charged object has
 because of its 
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Congratulations! 
You’ve Reached 
the $32,000 
Milestone! 
t l ti ! 
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A:  0.5 V 
C:  2 V 
B:  50 V 
D:  5 V 
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The current of a
 device is 5A and
 the resistance is
 10Ω.  What is the
 voltage? 
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A:  60 Watts 
C:  118 Watts 
B:  122 Watts 
D:  240 Watts 
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What power is used by
 a device that uses 120
 V and 2 A of current? 
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A:  Voltage is added 
C:  Voltage is the same 
B:  Current is added 
D:  Resistance is divided 
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In a series circuit 
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A:  Voltage is divided 
C:  Voltage is the same 
B:  Resistance is added 
D:  Current is the same 
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In a parallel circuit 
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A:  VT - Series 
C:  VT - Parallel 
B:  RT Parallel 
D:  RT Series 
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This is the inverse
 of the sum of the
 inverses 
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YOU WIN!! 




5‐3 
One group project was assigned during the waves unit for the AF level class, C Block.  This project was to be completed in class and showed the electromagnetic spectrum.  This project was used to allow for independent learning of a topic that was difficult to cover in a short time period.  The students made a cartoon or newspaper article with references to electromagnetic wave superpowers and other important information about the spectrum.  This assignment is attached in its entirety.  
 Electromagnetic Waves Project 
Introduction http://physicsclass.info/Topics/electromagnetic_waves/EMWaves/em...
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INTRODUCTION 
Super Hero Consultant Wanted
Our cutting edge newspaper is looking for a fresh idea in our
entertainment section. We are currently accepting sales pitches
for an original super hero plot. We are looking for a strong
science writer/consultant to join our team. Candidates must
become familiar with electromagnetic spectrum and have a 
desire to learn more to create the ultimate newspaper reading
experience for our subscribers.
If you have
excellent 
communication 
skills
thorough 
understanding of 
physics principles
strong focus on 
quality and
attention to detail 
ability to work 
independently
desire to work 
effectively work
with a team of 
certified 
professionals 
This is an excellent opportunity for someone with artistic and
creative skills, who has a desire to enter the newspaper
Introduction http://physicsclass.info/Topics/electromagnetic_waves/EMWaves/em...
2 of 2 9/23/08 8:31 PM
business.
We offer a very competitive compensation and benefits package.
If your interested and meet our qualifications, pitch your ground
breaking idea to the lead editor.
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task http://physicsclass.info/Topics/electromagnetic_waves/EMWaves/tas...
1 of 2 9/23/08 8:31 PM
 
 
 
 
 
 
TASK
Success with our agency requires the following:
    
    1. A super hero, side kick and villain 
using the electromagnetic spectrum
    2. An agency of 3‐4 dependable working
members.
No more that 4!
         Each member will choose 2 powers.
    3. The use of the internet and text book 
to research different waves 
task http://physicsclass.info/Topics/electromagnetic_waves/EMWaves/tas...
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of the Electromagnetic  Spectrum.
 
                
    4.  Submission of the specified criteria for each
member.
(See later page)
 
    5  Cooperation to create a super hero, side
kick and villain
         using the super powers assigned to you.
                     
    6. Strong presentation of  your super creation
in the form of a comic strip or a newspaper 
article. 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Process
Each of you must individually  decide which super powers you will
have expertise in for this project.  
Each of you must fill out the Individual  Research Page
waves.
Radio Microwaves Infrared Lights Ultraviolet X-rays
Click on the links below for wave information. 
1.
Other 
Resources
Meet with your group and impress them with your abundant
information.  After each member has shared their knowledge, the
group needs to create your characters.  Click below for information
and requirements. 
2.
Super hero Side kick   Villain         
Once your team has completed development of characters your
group needs to take all of the information and begin to put it
together in the form of a comic strip, or a newspaper article.  Click on
the links below to obtain the complete requirements for the final
product. 
3.
Comic Strip       Newspaper Article
 Your group must turn in the following items in order:
1. Sketches of heroes and costumes (in color)
2. Comic Strip or Newspaper Article (with picture)
4.
Process http://physicsclass.info/Topics/electromagnetic_waves/EMWaves/pr...
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Each of you must submit  5.
Completed Individual
Research
1.
Completed 
Presentation chart
2.
Evaluation page3.
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Evaluation
Project Possible Points Points Earned
Original Research 20
Fulfilling Team Role's Duties 15
Comic strip or News article 25
Presentation 20
Final Electromagnetic Chart 20
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Conclusion
Science is need to succeed with several careers. 
Did your knowledge of the electromagnetic spectrum help you create
a more realistic character?
 
Determine your own success. 
Can you
Describe the electromagnetic spectrum in terms of
wavelength and energy, and be able to identify specific 
regions such as visible light?
Explain how the various wavelengths in the Electromagnetic
Spectrum have many useful applications such as radio, 
television, microwave appliances, and cellular telephones?
 
Home IntroTaskProcessEvaluationConclusionTeacherCredits
 
5‐4 
While formal assessment is important to the educational process is it not the dominating factor in developing lessons.  Informal assessment is used more for guiding the curriculum and lesson plans.  These help guide a teacher to show where and what material needs to be covered or filled in.  If a student is participating and contributing that is a form of assessment that a teacher can have the knowledge that the particular student has an understanding of the material.  If students cannot answer posed questions it is easy to find gaps in the lesson and understanding.  One additional assessment is the MCAS exam, which occurs every spring for the freshman taking physics.  All high school students in Massachusetts must pass an MCAS science exam, mathematics exam, and English language arts exam in order to receive a diploma.  This type of assessment, the standardized test, has critics and supporters.  As my experience showed teachers in the freshman physics program had to teach to the test in order to cover all the material in the given time.  Even teaching to the test could not bring them to cover every piece of material on the test but Wachusett has many programs to help students achieve passing scores and meet MCAS graduation requirements. For incoming freshman there is a program available for those who did not do well on the 8th grade MCAS.  While it is an afterschool voluntary program many students are highly encouraged to participate and parents are involved in deciding whether their student should participate in the program.  This program helps to boost MCAS scores and academic skills.  Another MCAS program at Wachusett is for students who do not pass the science MCAS their freshman year or transfer from another school and need to take the biology MCAS.  These students do reviews and practice tests after school for the two months leading up to the test.  The school district is very MCAS orientated to allow all students every opportunity to pass the exam.  Through the various forms of assessment administered by teachers and the state and overall judgment can be made on the students’ academic progress.  This assessment is based in mostly formal grades does not always show the true 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understanding of student who have difficulty with the testing process.  Unfortunately at this point there is no better system that is being implemented in the district.  As a student teacher and attempt was made for vary assessment formats to allow for all students to achieve in their own personal way.
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Chapter 6: Conclusion One cannot appreciate the value of teachers in our society without truly experiencing the process and life they live daily.  This past year student teaching showed me just this and created a new understanding of the significance of the people who educated our children.  This experience has shed new light on the teaching profession in a manner that opened my mind. As an overall experience teaching was one that will never be forgotten.  It is still unclear who learned more, whether it was the students I was teaching or myself.  This chapter of my life could not be replicated or replaced, as it was such a valuable tool in my personal development.  Personally I saw high school from the honors level and was not fully aware of the other types of students in the school.  Through this teaching episode I saw all students of all levels and backgrounds.  A more accurate image of the classroom was portrayed and understood.   There are many moments I want to go back and do better in planning my lessons and teaching styles. However, as an overall experience I received much positive feedback from students, teachers, and observers.  I was allowed to teach an electricity unit five separate times with each time having small adjustments and improvements as I saw where students had difficulties or misconceptions.  I began to understand the students and their learning styles by trying varying activities and teaching styles.  As I understood more about my students, their personalities and needs, I feel I began to connect with them, which allowed for a better educational process.   Every first day with a new class was just as scary as the first day with the last class but as the number of times I met with each class increased both the students and I became comfortable with each other.  Once a teacher becomes well acquainted with their students it becomes easy to find the appropriate method to allow for the best personal understanding and interaction to occur to allow for continued learning and full education.  This showed how valuable it is for good student‐teacher interaction and continued growth on both ends.   
6‐2 
The active involvement of teachers outside the classroom was also important during this time.  I helped with the science fair and various other extra curricula activities that allowed me to know the students outside the classroom.  Many teachers took the time outside of the classroom to learn about their students and listen to their out of school experiences.  This showed the students the support they needed and allowed for the connection to develop into a relationship of being a mentor, not just a teacher.  I enjoyed this aspect of the teaching experience more than any other because I saw students in their natural states rather than their academic life.    As an experience I would recommend it to other students interested in education.  I do however believe that it is important to ensure this teaching is the main focus at the time since I also was working on WPI academics, which created a strain on my available time.  I also believe choosing a school appropriate to your background is very important because I do not believe I would have been as successful of a teacher at an inner city school since I was not familiar with it.  Having familiarity with the type of school system, which I was placed, was integral to my adjustment and lesson plans.  With the appropriate guidance I believe this educational process can be one of the most crucial in the development of a potential educator. 
i 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Wachusett Regional High - Enrollment/Indicators
Enrollment by Grade (2007-08)
 pk k 1 2 3 4 5 6 7 8 9 1 0 1 1 12 SP CT Total
District 73 515 611 572 571 612 607 587 586 576 496 473 488 484 7 - 7,258
School - - - - - - - - - - 496 473 488 484 7 - 1,948
Enrollment by Race/Ethnicity (2007-08)
Race % of School % of District % of State
African American 1.1 1.1 8.1
Asian 1.2 1.7 4.9
Hispanic 1.2 2.1 13.9
Native American 0.2 0.1 0.3
White 95.7 93.6 70.8
Native Hawaiian, Pacific Islander 0.2 0.3 0.1
Multi-Race, Non-Hispanic 0.3 0.9 1.9
Enrollment by Gender (2007-08)
Selected Populations (2007-08)
Title % of School % of District % of State
First Language not English 3.1 2.7 15.1
Limited English Proficient 0.1 0.4 5.8
Low-income 6.1 5.8 29.5
Special Education 9.2 13.7 16.9 
Technology (2006-07)
 School District State
Students per "modern" Computer 2.9 3.7 3.4
Classrooms on the Internet (%) 100.0 100.0 98.7
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Wachusett Regional High - Directory Information
Wachusett (07750000)
Thomas G Pandiscio, Superintendent
Mailing Address:
1745 Main Street
c/o Jefferson School
Jefferson, MA 01522
Phone: (508) 829-1670
FAX: (508) 829-1680
E-mail: tom_pandiscio@wrsd.net
County: Worcester
NCES ID: 2511880
Web Site: www.wrsd.net 
District Type: Regional Academic
Chapter 74 Approved Vocational Technical Program: Has Program
District Operating Status: Operating
District Title I Status: Title I District
Inter-District School Choice: Offers Choice
Organization Description: 
Wachusett Regional High (07750505)
William P Beando, Principal
Mailing Address:
1401 Main Street
Holden, MA 01520-1095
Phone: (508) 829-6771
FAX: (508) 829-4895
E-mail: Bill_Beando@wrsd.net
County: Worcester
NCES ID: 251188001940
Web Site: 
Chapter 74 Approved Vocational Technical Program: Has Program
School Title I Status: Non-Title I School (NT)
Organization Description: 
Grade Span Grades Offered
Presently
Number
of Schools
Elementary PK K 01 02 03 04 05 06 07 08 8
Middle/Junior High 05 06 07 08 3
Secondary 09 10 11 12 1
Total PK K 01 02 03 04 05 06 07 08 09 10 11 12 12
Kindergarten starting age is 5 as of September 1.
Grades Offered Presently
Grade Levels: 09 10 11 12 
Relationships
Membership - Academic 
Regional: P-12
Holden (non-op) | Paxton (non-op) | Princeton 
(non-op) | Rutland (non-op) | Sterling (non-op)
Membership - 
Collaboratives
FLLAC Collaborative
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 School District State
Male 951 3,691 494,970
Female 997 3,567 467,796
Total 1,948 7,258 962,806
Indicators (2006-07)
 School District State
Grade 9-12 Dropout Rate 1.9 1.9 3.8
Attendance Rate 95.6 96.1 94.6
Average # of days absent 7.6 6.7 9.3
In-School Suspension Rate 0.4 1.3 3.2
Out-of-School Suspension Rate 7.7 3.0 5.8
Retention Rate (2005-06) 0.1 0.3 2.5
Graduation Rate 91.2 89.4 80.9
Teacher Data (2007-08)
 School District State
Total # of Teachers 142 471 70,717
% of Teachers Licensed in Teaching Assignment 99.3 99.4 95.8
Total # of Classes in Core Academic Areas 546 2,343 275,949
% of Core Academic Classes Taught by Teachers Who are 
Highly Qualified
99.1 99.1 95.7
Student/Teacher Ratio 13.7 to 1 15.4 to 1 13.6 to 1
Plans of High School Graduates (2006-07)
Plan % of School % of District % of State
4-Year Private College 13 13 31
4-Year Public College 43 43 27
2-Year Private College 1 1 2
2-Year Public College 13 13 20
Other Post-Secondary 0 0 3
Work 4 4 1 0
Military 1 1 1
Other 0 0 1
Unknown 25 25 6
Wachusett Regional High - Test Results  
MCAS Tests of Spring 2007
Percent of Students at Each Performance Level
Grade and Subject Advanced/
Above Proficient
Proficient Needs
Improvement
Warning/
Failing
Students
Included
CPI
School State School State School State School State
GRADE 10 - ENGLISH LANGUAGE ARTS 34 22 52 49 13 24 1 6 462 95.7
GRADE 10 - MATHEMATICS 54 42 29 27 15 22 2 9 457 93.4
NOTE: Performance level percentages are not calculated if student group less than 10.
Data Last Updated on October 3, 2007
2007 | 2006 | 2005 | 2004 | 2003 | 2002 | 2001 | 2000 | 1999 | 1998 | Annual Comparisons
More MCAS Reports:
MCAS Annual Comparisons for Wachusett Regional High
2007 MCAS Results by Subgroup for Wachusett Regional High
2007 Adequate Yearly Progress (AYP) Report for Wachusett Regional 
High
2007 Participation Report for Wachusett Regional High
2007 High School Science and Technology/Engineering Results for 
Wachusett
 SAT Results - 2007
Reading Writing Math Test Takers
534 530 545 403
Wachusett - Finances
 
 
In-District and Out-of-District FTE Average Membership
 2006 2007
In-District FTE Average Membership 7,090.5 7,464.2
Out-of-District FTE Average Membership 234.4 256.6
Total FTE Average Membership 7,324.9 7,720.8
Total Expenditure Per Pupil, All Funds, By Function
Function 2006 2007
Total Exp % of Total Per Pupil Per Pupil (State) Total Exp % of Total Per Pupil Per Pupil (State)
Administration $1,622,355 2.55% $229 $376 $1,581,832 2.34% $212 $401
Wachusett - Wachusett Regional High - Entire Profile - Massachuset... http://profiles.doe.mass.edu/home.asp?mode=so&so=2318-6&ot=5...
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Instructional Leadership $4,418,298 6.94% $623 $732 $4,886,536 7.22% $655 $770
Classroom and Specialist Teachers $25,060,395 39.35% $3,534 $4,353 $26,130,752 38.60% $3,501 $4,513
Other Teaching Services $4,904,972 7.70% $692 $761 $5,798,703 8.57% $777 $819
Professional Development $246,873 0.39% $35 $193 $810,909 1.20% $109 $222
Instructional Materials, Equipment and Technology $2,285,377 3.59% $322 $360 $1,201,073 1.77% $161 $356
Guidance, Counseling and Testing $1,267,002 1.99% $179 $313 $762,202 1.13% $102 $328
Pupil Services $6,150,647 9.66% $867 $1,023 $6,437,713 9.51% $862 $1,081
Operations and Maintenance $5,134,401 8.06% $724 $962 $5,527,743 8.16% $741 $1,014
Insurance, Retirement Programs and Other $7,194,737 11.30% $1,015 $1,751 $8,363,577 12.35% $1,120 $1,929
Payments To Out-Of-District Schools $5,405,129 8.49% $23,059 $18,364 $6,200,095 9.16% $24,162 $19,347
TOTAL EXPENDITURES $63,690,186 100.00% $8,695 $11,210 $67,701,135 100.00% $8,769 $11,859
Teacher Salaries and Counts
 District State
2006 2007 2006 2007
Salary Totals $25,060,395 $26,130,752 $4,171,116,385 $4,298,145,779
Average Salary $56,114 $56,280 $56,366 $58,257
FTE Count 446.6 464.3 74,001.1 73,779.0
For more school finance information, browse to:
      School Finance Website
      Per Pupil Expenditures and Teacher Salary
      Chapter 70 State Aid
E-mail this page | Print View | Print PDF
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2007 MCAS Results by Subgroup - Wachusett Regional High (07750505)
by Grade then Subject
* NOTE: First-year LEP students are not included in performance level or CPI results. However, first-year LEP students who took the MEPA test are counted
as ELA participants; in addition, first-year LEP students who are present for Math/Science are counted as Math/Science participants. See 
http://www.doe.mass.edu/mcas/participation/lep.doc for details.
** NOTE: AYP Participation Rates are calculated using the AYP participation rules.
GRADE LEVEL 10 - ENGLISH LANGUAGE ARTS
Student Group
School District State
Stud. 
Incl
AYP 
Part**
% of Stud. at 
Each Perf Lvl
CPI Stud. 
Incl
AYP 
Part**
% of Stud. at 
Each Perf Lvl
CPI Stud. 
Incl
AYP 
Part**
% of Stud. at 
Each Perf Lvl
CPI
# % A P NI F # % A P NI F # % A P NI F
AYP Subgroups
Stud. w/ Disab 47 100 2 47 43 9 83.0 49 100 2 45 43 10 83.2 11465 98 2 28 47 23 68.6
LEP/FLEP 1 - - - - - - 1 - - - - - - 3502 99 2 20 47 31 58.8
Low-Income 18 95 0 50 44 6 80.6 23 96 0 57 39 4 83.7 18294 99 7 41 40 13 76.9
African 
American/Black 
4 - - - - - - 4 - - - - - - 6053 99 6 40 41 12 76.8
Asian 2 - - - - - - 3 - - - - - - 3297 100 31 43 21 5 89.5
Hispanic/Latino 10 100 30 60 10 0 95.0 10 100 30 60 10 0 95.0 8494 99 6 37 41 16 73.5
Native American 0 - - - - - - 0 - - - - - - 187 99 13 49 32 6 84.8
White 446 100 34 52 13 1 95.9 461 100 33 53 13 1 95.7 53315 100 25 52 19 3 91.5
 
Other Subgroups
Male 218 100 28 53 17 2 94.2 224 100 28 52 17 3 93.9 36768 99 16 50 27 7 85.8
Female 244 100 39 52 9 0 97.1 254 100 37 53 9 0 97.1 35596 99 28 48 20 4 90.3
Title I 0 - - - - - - 0 - - - - - - 9596 99 5 39 43 13 75.4
Non-Title I 462 100 34 52 13 1 95.7 478 100 33 53 13 1 95.6 62768 99 24 50 21 5 89.9
Non-Low Income 444 100 35 52 12 1 96.3 455 100 35 53 12 1 96.2 54070 100 27 51 18 3 91.7
LEP 1 - - - - - - 1 - - - - - - 2258 98 1 12 46 42 50.5
FLEP 0 - - - - - - 0 - - - - - - 1244 99 5 34 49 12 73.8
1st Yr LEP* 0 - - - - - - 0 - - - - - - 455 96 - - - - -
Migrant 0 - - - - - - 0 - - - - - - 1 - - - - - -
Native Hawaiian/ 
Pacific Islander 
0 - - - - - - 0 - - - - - - 118 99 19 47 20 14 83.9
Multi-race - 
Non-Hispanic/Latino
0 - - - - - - 0 - - - - - - 900 99 24 46 24 5 88.5
 
All Students
2007 462 100 34 52 13 1 95.7 479 100 33 53 13 1 95.5 72471 99 22 49 24 6 87.9
2006 496 100 25 58 15 3 92.9 506 100 25 57 15 3 92.6 73351 99 16 53 24 7 86.8
 
GRADE LEVEL 10 - MATHEMATICS
Student Group
School District State
Stud. 
Incl
AYP 
Part**
% of Stud. at 
Each Perf Lvl
CPI Stud. 
Incl
AYP 
Part**
% of Stud. at 
Each Perf Lvl
CPI Stud. 
Incl
AYP 
Part**
% of Stud. at 
Each Perf Lvl
CPI
# % A P NI F # % A P NI F # % A P NI F
AYP Subgroups
Stud. w/ Disab 45 100 13 27 42 18 75.0 49 100 12 24 45 18 74.0 11241 98 9 22 37 32 63.9
LEP/FLEP 1 - - - - - - 1 - - - - - - 3422 98 16 18 34 32 62.6
Low-Income 16 100 0 56 38 6 82.8 21 100 5 52 38 5 82.1 17910 98 21 26 33 19 72.9
African 
American/Black 
4 - - - - - - 5 - - - - - - 5945 98 19 26 35 20 71.5
Asian 2 - - - - - - 3 - - - - - - 3258 99 64 18 13 5 91.9
Hispanic/Latino 10 100 40 40 20 0 92.5 10 100 40 40 20 0 92.5 8279 98 18 24 34 24 68.9
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Native American 0 - - - - - - 0 - - - - - - 183 96 32 22 33 12 77.9
White 441 100 55 29 15 2 93.6 457 100 53 29 15 2 93.1 52917 99 46 29 19 6 88.8
 
Other Subgroups
Male 214 100 57 27 12 3 94.3 221 100 57 27 13 4 93.7 36328 99 42 27 21 10 84.6
Female 243 100 51 30 18 1 92.7 254 100 50 31 18 1 92.1 35272 99 42 28 22 8 85.6
Title I 0 - - - - - - 1 - - - - - - 9351 98 20 25 35 20 71.8
Non-Title I 457 100 54 29 15 2 93.4 474 100 53 29 15 3 92.9 62249 99 45 28 20 8 87.1
Non-Low Income 441 100 56 28 14 2 93.8 454 100 55 28 15 2 93.3 53690 99 48 28 18 6 89.1
LEP 1 - - - - - - 1 - - - - - - 2213 98 11 16 34 39 57.0
FLEP 0 - - - - - - 0 - - - - - - 1209 99 24 23 35 19 72.8
1st Yr LEP* 0 - - - - - - 0 - - - - - - 462 99 - - - - -
Migrant 0 - - - - - - 0 - - - - - - 1 - - - - - -
Native Hawaiian/ 
Pacific Islander 
0 - - - - - - 0 - - - - - - 116 99 33 28 23 16 81.9
Multi-race - 
Non-Hispanic/Latino
0 - - - - - - 0 - - - - - - 902 99 39 28 23 10 84.0
 
All Students
2007 457 100 54 29 15 2 93.4 476 100 53 29 16 3 92.8 71692 99 42 27 22 9 85.0
2006 492 100 54 27 14 5 91.6 502 100 53 27 15 5 91.2 72738 99 40 27 21 12 83.2
E-mail this page | Print View | Print PDF
Search · Site Map · Policies · Site Info · Contact ESE    
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 Commissioner’s Foreword 
 
Dear Colleagues, 
 
I am pleased to present to you the 2006 updated Massachusetts Science and Technology/ 
Engineering Curriculum Framework. This Framework articulates statewide guidelines for 
learning, teaching, and assessment in science and technology/engineering for the 
Commonwealth’s public schools. 
 
In June 2005, science and technology/engineering was added to the state’s Competency 
Determination. We took this opportunity to clarify the high school standards and update the 
Framework text and resources. The PreK–8 standards have not changed in content from those 
presented in the 2001 Framework.  
 
The 2006 updated Framework includes the following key changes: 
• Revised high school standards approved by the Board of Education in January 2006, 
which include: 
o Clear learning expectations for each course 
o Scientific Inquiry Skills standards, integrated into each course 
o Mathematical skills necessary for a solid understanding of each course 
• Additional high school vignettes to illustrate standards-based classroom lessons 
• Elimination of the two-year integrated science course in grades 9 and 10 
• Minor edits for content accuracy to four PreK–8 standards 
• A new Guiding Principle discussing the importance of literacy skills in learning content 
• ces Inclusion of the October 2005 Alternative Dissection Policy and related resour
• Reformatting of the Broad Topics appendix to facilitate curriculum alignment 
• Expansion of the safety and legal appendix to highlight regulations applicable to 
science and technology/engineering classrooms 
• Edits of the Framework text to assure coherence and flow throughout the document 
 
I believe a strong understanding of science and technology/engineering is important for every 
student in the Commonwealth. Any student’s ability to effectively contribute to her or his 
community is greatly enhanced by achieving proficiency in these areas. The Commonwealth’s 
economy and continued quality of life depends on our ability to recruit students into these 
elds. fi
 
We will continue to work with schools and districts to implement the elements of this 
Framework and actively engage students in science and technology/engineering learning in 
the classroom. Thank you for your ongoing support and for your commitment to achieving 
e goals of education reform. th
 
incerely, S
 
David P. Driscoll 
Commissioner of Education 
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Organization of the Framework 
 
 
 
 
 Organization of the Framework 
 
This 2006 Massachusetts Science and Technology/Engineering Curriculum Framework 
provides a guide for teachers and curriculum coordinators regarding specific content to be 
taught from PreK through high school. Following this Organization chapter, the Framework 
contains the following sections: 
 
Philosophy and Vision 
The Philosophy and Vision chapter of the document provides general information in the 
following areas: 
• The Purpose and Nature of Science and Technology/Engineering section describes 
how science and technology/engineering interrelate. 
• The Inquiry, Experimentation, and Design in the Classroom section describes 
inquiry-based instruction and lists inquiry skills. 
• The Guiding Principles articulate ideals of teaching, learning, assessing, and 
administering science and technology/engineering programs. 
 
Science and Technology/Engineering Learning Standards 
After a brief history of how the learning standards in Massachusetts were developed, the 
standards are presented by strand, grade span, and subject area topic. 
 
The Strands 
The learning standards are grouped into four strands: 
• Earth and Space Science 
• Life Science (Biology) 
• Physical Sciences (Chemistry and Physics) 
• Technology/Engineering 
Each strand section begins with an overview of the strand. 
 
Grade Spans and Subject Area Topics 
Each strand’s learning standards are grouped into four grade spans: 
• Grades PreK–2 
• Grades 3–5 
• Grades 6–8 
• High School 
 
Learning standards are sub-grouped within each grade span under subject area topic headings 
that are specific to that grade span. 
 
Grade PreK through Grade 8 
Learning standards for grades PreK–8 are presented in tables that include ideas for grade-
appropriate classroom investigations and learning experiences for each standard. 
 
At grades PreK–2 and 3–5, for all strands except Technology/Engineering, these tables also 
include suggestions for related learning experiences in technology/engineering, and reference 
the PreK through grade 5 Technology/Engineering learning standards. In the Technology/ 
Engineering strand, the grades PreK–2 and 3–5 tables list learning standards only. 
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At grades 6–8, suggestions for learning experiences in technology/engineering are included in 
the table with the grades 6–8 Technology/Engineering learning standards. 
 
At least one detailed vignette is provided within most strands, titled “What It Looks Like in 
the Classroom,” to illustrate how to teach one or more grade-specific learning standards 
within that strand. Additional activities to illustrate and teach the grade PreK through grade 8 
learning standards are suggested in Appendix II. 
 
High School Introductory Courses 
The 2006 revised high school learning standards listed in this Framework articulate the 
expectations for the following introductory courses: 
• Earth and Space Science 
• Biology (Life Science strand) 
• Chemistry (Physical Sciences strand) 
• Introductory Physics (Physical Sciences strand) 
• Technology/Engineering 
 
Within each high school course, two types of learning standards are provided:  
• content standards in section I, summarized in one or more Central Concept 
statements, and further sub-grouped under subject area topic headings  
• new Scientific Inquiry Skills (SIS) standards in section II 
 
Section III of each course presents a list of mathematical skills students should have the 
opportunity to apply in that course. 
 
A “What It Looks Like in the Classroom” vignette follows the mathematical skills section for 
most high school courses. For Technology/Engineering, additional suggested learning 
activities related to each subtopic are listed following the “What It Looks Like in the 
Clasroom” pages. 
 
Appendices 
The following appendices provide curricular resources to support instruction at all grade 
levels: 
I. PreK through High School Learning Standards Organized by Strand and Broad Topics 
II. Additional Learning Activities for Grade PreK through Grade 8 
III. Historical and Social Context for Science and Technology/Engineering Topics for 
Study 
IV. Safety Practices and Legal Requirements 
V. Dissection and Dissection Alternatives in Science Courses:  Policies and Resources 
for Massachusetts Public Schools 
VI. Curriculum Review Resources 
VII. Criteria for Evaluating Instructional Materials and Programs in Science and 
Technology/Engineering 
 
References 
The glossary, bibliography, and Web pages in the Reference section include selected 
resources for use in implementing this Framework effectively in the classroom. 
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Philosophy and Vision 
 
 
 
 
 Purpose and Nature of Science and 
Technology/Engineering 
 
The Purpose of Science and Technology/Engineering Education 
Investigations in science and technology/engineering involve a range of skills, habits of mind, 
and subject matter knowledge. The purpose of science and technology/engineering education 
in Massachusetts is to enable students to draw on these skills and habits, as well as on their 
subject matter knowledge, in order to participate productively in the intellectual and civic life 
of American society and to provide the foundation for their further education in these areas if 
they seek it.  
 
The Nature of Science 
Science may be described as the attempt to give good accounts of the patterns in nature. The 
result of scientific investigation is an understanding of natural processes. Scientific 
explanations are always subject to change in the face of new evidence. Ideas with the most 
durable explanatory power become established theories or are codified as laws of nature. 
Overall, the key criterion of science is that it provide a clear, rational, and succinct account of 
a pattern in nature. This account must be based on data gathering and analysis and other 
evidence obtained through direct observations or experiments, reflect inferences that are 
broadly shared and communicated, and be accompanied by a model that offers a naturalistic 
explanation expressed in conceptual, mathematical, and/or mechanical terms. Here are some 
everyday examples of patterns seen in nature:  
 
• The sun appears to move each day from the eastern horizon to the western horizon. 
• Virtually all objects released near the surface of the earth sooner or later fall to the 
ground. 
• Parents and their offspring are similar, e.g., lobsters produce lobsters, not cats. 
• Green is the predominant color of most plants. 
• Some objects float while others sink. 
• Fire yields heat. 
• Weather in North America generally moves from west to east. 
• Many organisms that once inhabited the earth no longer do so. 
 
It is beyond the scope of this document to examine the scientific accounts of these patterns. 
Some are well known, such as that the rotation of the earth on its axis gives rise to the 
apparent travel of the sun across the sky, or that fire is a transfer of energy from one form to 
another. Others, like buoyancy or the cause of extinction, require subtle and sometimes 
complex accounts. These patterns, and many others, are the puzzles that scientists attempt to 
explain. 
 
The Nature of Technology/Engineering 
Technology/engineering seeks different ends from those of science. Engineering strives to 
design and manufacture useful devices or materials, defined as technologies, whose purpose 
is to increase our efficacy in the world and/or our enjoyment of it. Can openers are 
technology, as are microwave ovens, microchips, steam engines, camcorders, safety glass, 
zippers, polyurethane, the Golden Gate Bridge, much of Disney World, and the “Big Dig” in 
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 Boston. Each of these, with innumerable other examples, emerges from the scientific 
knowledge, imagination, persistence, talent, and ingenuity of practitioners of 
technology/engineering. Each technology represents a designed solution, usually created in 
response to a specific practical problem, that applies scientific principles. As with science, 
direct engagement with the problem is central to defining and solving it. 
 
The Relationship Between Science and Technology/Engineering 
In spite of their different goals, science and technology have become closely, even 
inextricably, related in many fields. The instruments that scientists use, such as the 
microscope, balance, and chronometer, result from the application of technology/engineering. 
Scientific ideas, such as the laws of motion, the relationship between electricity and 
magnetism, the atomic model, and the model of DNA, have contributed to achievements in 
technology and engineering, such as improvement of the internal combustion engine, power 
transformers, nuclear power, and human gene therapy. The boundaries between science and 
technology/engineering blur together to extend knowledge. 
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 Inquiry, Experimentation, and Design 
in the Classroom 
 
Inquiry-Based Instruction 
Engaging students in inquiry-based instruction is one way of developing conceptual 
understanding, content knowledge, and scientific skills. Scientific inquiry as a means to 
understand the natural and human-made worlds requires the application of content knowledge 
through the use of scientific skills. Students should have curricular opportunities to learn 
about and understand science and technology/engineering through participatory activities, 
particularly laboratory, fieldwork, and design challenges. 
 
Inquiry, experimentation, and design should not be taught or tested as separate, stand-
alone skills. Rather, opportunities for inquiry, experimentation, and design should arise 
within a well-planned curriculum. Instruction and assessment should include examples 
drawn from life science, physical science, earth and space science, and 
technology/engineering standards. Doing so will make clear to students that what is 
known does not stand separate from how it is known. 
 
Asking Questions 
Asking questions and pursuing answers are keys to learning in all academic disciplines. In the 
science classroom, one way students can do this is by exploring scientific phenomena in a 
classroom laboratory or an investigation around the school. Investigation and experimentation 
build essential scientific skills such as observing, measuring, replicating experiments, 
manipulating equipment, and collecting and reporting data. Students may choose what 
phenomenon to study or conduct investigations and experiments that are selected and guided 
by the teacher. 
 
Students can also examine questions pursued by scientists in previous investigations of 
natural phenomena and processes, as reported or shown in textbooks, papers, videos, the 
Internet, and other media. These sources are valuable because they efficiently organize and 
highlight key concepts and supporting evidence that characterize the most important work in 
science. Such study can then be supported in the classroom by demonstrations, experiments, 
or simulations that deliberately manage features of a natural object or process. Whatever the 
instructional approach, science instruction should include both concrete and manipulable 
materials, along with explanatory diagrams and texts. 
 
Investigations 
An inquiry-based approach to science education also engages students in hands-on 
investigations that allow them to draw upon their prior knowledge and build new 
understandings and skills. Hands-on experiences should always be purposeful activities that 
are consistent with current research on how people learn and that develop student 
understanding of science concepts. Students should also have multiple opportunities to share, 
present, review, and critique scientific information or findings with others. 
 
The characteristics of investigations develop through the different grade spans: 
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 • In grades PreK–2, scientific investigations can center on student questions, 
observations, and communication about what they observe. For example, students 
might plant a bean seed following simple directions written on a chart. Then they can 
write down what happens over time in their own words. 
 
• In grades 3–5, students can plan and carry out investigations as a class, in small 
groups, or independently, often over a period of several class lessons. The teacher 
should first model the process of selecting a question that can be answered, 
formulating a hypothesis, planning the steps of an experiment, and determining the 
most objective way to test the hypothesis. Students should incorporate mathematical 
skills of measuring and graphing to communicate their findings. 
 
• In grades 6–8, teacher guidance remains important but allows for more variation in 
student approach. Students at this level are ready to formalize their understanding of 
what an experiment requires by controlling variables to ensure a fair test. Their work 
becomes more quantitative, and they learn the importance of carrying out several 
measurements to minimize sources of error. Because students at this level use a 
greater range of tools and equipment, they must learn safe laboratory practices (see 
Appendix IV). At the conclusion of their investigations, students in these grades can 
be expected to prepare reports of their questions, procedures, and conclusions. 
 
• In high school, students develop greater independence in designing and carrying out 
experiments, most often working alone or in small groups. They come up with 
questions and hypotheses that build on what they have learned from secondary 
sources. They learn to critique and defend their findings, and to revise their 
explanations of phenomena as new findings emerge. Their facility with using a 
variety of physical and conceptual models increases. Students in the final two years 
of high school can be encouraged to carry out extended independent experiments that 
explore a scientific hypothesis in depth, sometimes with the assistance of a scientific 
mentor from outside the school setting. 
 
Preparation for post-secondary opportunities is another reason to provide regular 
laboratory and fieldwork experiences in high school science and 
technology/engineering courses. The Massachusetts Board of Higher Education’s 
Admissions Standards for the Massachusetts State Colleges and University 
(www.mass.edu\a_f) states that three science courses, including two courses with 
laboratory work, must be completed in order to fulfill the minimum science 
requirement for admission to the Commonwealth’s four-year public institutions. All 
high school courses based on the standards presented in this document should include 
substantial laboratory and/or fieldwork to allow all students the opportunity to meet 
or exceed this requirement of the Massachusetts Board of Higher Education. 
 
The Engineering Design Process 
Just as inquiry and experimentation guide investigations in science, the Engineering Design 
Process guides solutions to technology/engineering design challenges. Learning 
technology/engineering content and skills is greatly enhanced by a hands-on, active approach 
that allows students to engage in design challenges and safely work with materials to model 
and test solutions to a problem. Using the steps of the Engineering Design Process, students 
can solve technology/engineering problems and apply scientific concepts across a wide 
variety of topics to develop conceptual understanding. The specific steps of the Engineering 
Design Process are included in the Technology/Engineering strand, on page 84 of this 
Framework. 
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 Skills of Inquiry, Experimentation, and Design 
All students need to achieve a sufficient level of scientific literacy to enable them to succeed 
in post-secondary education, in careers, and as contributing members of a democratic society. 
To achieve this, students need to develop skills that allow them to search out, describe, and 
explain natural phenomena and designed artifacts. Scientific inquiry, experimentation, and 
design involve practice (skills) in direct relationship to knowledge; content knowledge and 
skills are necessary to inquire about the natural and human-made worlds. 
 
The skills for grades PreK–8 listed below are unchanged from those presented in the 2001 
Framework. The new Scientific Inquiry Skills standards listed for high school reflect 
essential elements of scientific practice and should be integrated into curriculum along with 
content standards. 
 
Grades PreK–2 
• Ask questions about objects, organisms, and events in the environment. 
• Tell about why and what would happen if? 
• Make predictions based on observed patterns. 
• Name and use simple equipment and tools (e.g., rulers, meter sticks, thermometers, 
hand lenses, and balances) to gather data and extend the senses. 
• Record observations and data with pictures, numbers, or written statements. 
• Discuss observations with others. 
 
Grades 3–5 
• Ask questions and make predictions that can be tested.  
• Select and use appropriate tools and technology (e.g., calculators, computers, 
balances, scales, meter sticks, graduated cylinders) in order to extend observations. 
• Keep accurate records while conducting simple investigations or experiments. 
• Conduct multiple trials to test a prediction. Compare the result of an investigation or 
experiment with the prediction. 
• Recognize simple patterns in data and use data to create a reasonable explanation for 
the results of an investigation or experiment. 
• Record data and communicate findings to others using graphs, charts, maps, models, 
and oral and written reports. 
 
Grades 6–8 
• Formulate a testable hypothesis. 
• Design and conduct an experiment specifying variables to be changed, controlled, 
and measured. 
• Select appropriate tools and technology (e.g., calculators, computers, thermometers, 
meter sticks, balances, graduated cylinders, and microscopes), and make quantitative 
observations. 
• Present and explain data and findings using multiple representations, including 
tables, graphs, mathematical and physical models, and demonstrations. 
• Draw conclusions based on data or evidence presented in tables or graphs, and make 
inferences based on patterns or trends in the data. 
• Communicate procedures and results using appropriate science and technology 
terminology. 
• Offer explanations of procedures, and critique and revise them. 
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 High School 
This Framework introduces four Scientific Inquiry Skills (SIS) standards that are included 
in each introductory high school course (except Technology/Engineering, where they are 
replaced by the steps of the Engineering Design Process): 
 
SIS1. Make observations, raise questions, and formulate hypotheses. 
SIS2. Design and conduct scientific investigations. 
SIS3. Analyze and interpret results of scientific investigations. 
SIS4. Communicate and apply the results of scientific investigations. 
 
In each course, each Scientific Inquiry Skills standard includes an example skill set that 
further defines and articulates the standard. 
 
Also new to the 2006 Framework are the lists of mathematical skills needed for a solid 
understanding of each high school science and technology/engineering course. Engaging in 
science and technology/engineering often involves the use of mathematics to analyze and 
support findings of investigations or the design process. Most mathematical skills listed are 
based on grade-appropriate standards outlined in the Massachusetts Mathematics Curriculum 
Framework. Any specialized mathematical skills not detailed in the Mathematics Framework 
are listed separately. Please note that these lists are provided only as examples and are not 
exhaustive; the lists do not represent all mathematical skills students might need in a typical 
course. 
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 Guiding Principles 
 
The following Guiding Principles present a set of tenets about effective PreK–12 science and 
technology/engineering programs. The goal of the Guiding Principles is to help educators 
create inquiry-based educational environments that encourage student curiosity, engagement, 
persistence, respect for evidence, and sense of responsibility. 
 
G U I D I N G  P R I N C I P L E  I  
A comprehensive science and technology/engineering education program 
enrolls all students from PreK through grade 12. 
Students benefit from studying science and technology/engineering throughout all their years 
of schooling. They should learn the fundamental concepts of each domain of science, as well 
as the connections across those domains and to technology/engineering. This Framework will 
assist educators in developing science and technology/engineering programs that engage all 
students. 
 
All students in grades PreK–5 should have science instruction on a regular basis every year. 
Approximately one-quarter of PreK–5 science time should be devoted to technology/ 
engineering. 
 
In grades 6–8, students should have a full year of science study every year. Students in grades 
6–8 should have one year of technology/engineering education in addition to their three years 
of science. Schools may choose to offer technology/engineering as a semester course in each 
of two years; as a full-year course in grade 8; or in three units, one each year in grades 6, 7, 
and 8. 
 
In grades 9 and 10, all students should have full-year laboratory-based science and 
technology/engineering courses. In grades 11 and 12, students should take additional science 
and technology/engineering courses or pursue advanced study through advanced placement 
courses, independent research, or study of special topics.  
 
 
G U I D I N G  P R I N C I P L E  I I  
An effective science and technology/engineering program builds students’ 
understanding of the fundamental concepts of each domain of science, and 
their understanding of the connections across these domains and to basic 
concepts in technology/engineering. 
Each domain of science has its particular approach and area of focus. However, students need 
to understand that much of the scientific work done in the world draws on multiple 
disciplines. Oceanographers, for instance, use their knowledge of physics, chemistry, biology, 
earth science, and technology to chart the course of ocean currents. Connecting the domains 
of natural science with mathematical study and with one another, and to practical applications 
through technology and engineering, should be one goal of science education. 
 
In the elementary grades, coursework should integrate all of the major domains of science 
and technology/engineering every year. In one approach, instruction can be organized around 
distinct but complementary units drawn from the earth, life, and physical sciences and from 
technology/engineering. In another approach, teachers working together and with outside 
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 help (e.g., museum personnel, scientists, or engineers) can organize activities around 
concepts or topics unifying all of the domains. 
 
At the middle and high school levels, science faculty may choose either a discipline-based or 
an integrated approach in science. In choosing an approach, faculty will want to consider the 
particular content expertise of teachers and the academic goals, abilities, and interests of 
students. In this document, the high school standards are written to allow for choice in course 
organization and sequence. 
 
 
G U I D I N G  P R I N C I P L E  I I I  
Science and technology/engineering are integrally related to mathematics.  
Mathematics is an essential tool for scientists and engineers because it specifies in precise 
and abstract (general) terms many attributes of natural phenomena and manmade objects and 
the nature of relationships among them. Mathematics facilitates precise analysis and 
prediction.  
 
Take, for example, the equation for one of Newton’s Laws: F = ma (force equals mass times 
acceleration). This remarkably succinct description states the invariable relationship among 
three fundamental features of our known universe. Its mathematical form permits all kinds of 
analyses and predictions.  
 
Other insights come from simple geometric analysis applied to the living world. For example, 
volume increases by the cube of an object’s fundamental dimension while area increases by 
the square. Thus, in an effort to maintain constant body temperature, most small mammals 
metabolize at much higher rates than larger ones. It is hard to imagine a more compelling and 
simple explanation than this for the relatively high heart rate of rodents versus antelopes.  
 
Even simpler is the quantification of dimensions. How small is a bacterium, how large is a 
star, how dense is lead, how fast is sound, how hard is a diamond, how sturdy is the bridge, 
how safe is the plane? These questions can all be answered mathematically. And with these 
analyses, all kinds of intellectual and practical questions can be posed and solved.  
 
Teachers, curriculum coordinators, and others who help implement this Framework must be 
aware of the level of mathematical knowledge needed for each science and technology/ 
engineering course, especially at the high school level, and must ensure that the appropriate 
mathematical knowledge has already been taught or is being taught concurrently.  
 
 
G U I D I N G  P R I N C I P L E  I V  
An effective program in science and technology/engineering addresses 
students’ prior knowledge and misconceptions.  
Students are innately curious about the world and wonder how things work. They may make 
spontaneous, perceptive observations about natural objects and processes, and can often be 
found taking things apart and reassembling them. In many cases, they have developed mental 
models about how the world works. However, these mental models may be inaccurate, even 
though they make sense to the students, and inaccuracies work against learning.  
 
Research into misconceptions demonstrates that children can hold onto misconceptions even 
while reproducing what they have been taught are the “correct answers.” For example, young 
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 children may repeat that the earth is round, as they have been told, while continuing to 
believe that the earth is flat, which is what they can see for themselves. They may find a 
variety of ingenious ways to reconcile their misconception with the correct knowledge, e.g., 
by concluding that we live on a flat plate inside the round globe.  
 
Teachers must be skilled at uncovering inaccuracies in students’ prior knowledge and 
observations, and in devising experiences that will challenge inaccurate beliefs and redirect 
student learning along more productive routes. The students’ natural curiosity provides one 
entry point for learning experiences designed to remove students’ misconceptions in science 
and technology/engineering. 
 
 
G U I D I N G  P R I N C I P L E  V  
Investigation, experimentation, and problem solving are central to 
science and technology/engineering education. 
 
Investigations introduce students to the nature of original research, increase students’ 
understanding of scientific and technological concepts, promote skill development, and 
provide entry points for all learners. Teachers should establish the learning goals and contexts 
for investigations, experiments, and laboratories; guide student activities; and help students 
focus on important ideas and concepts. Lessons should be designed so that knowledge and 
skills are developed and used together (also see Inquiry, Experimentation, and Design in the 
Classroom, pages 9–12). 
 
Puzzlement and uncertainty are common features in experimentation. Students need time to 
examine their ideas as they apply them in explaining a natural phenomenon or solving a 
design problem. Opportunities for students to reflect on their own ideas, collect evidence, 
make inferences and predictions, and discuss their findings are all crucial to growth in 
understanding. 
 
Students should also have opportunities in the classroom to replicate important experiments 
that have led to well-confirmed knowledge about the natural world, e.g., Archimedes’ 
principle and the electric light bulb. By examining the thinking of experts, students can learn 
to improve their own problem-solving efforts. 
 
 
G U I D I N G  P R I N C I P L E  V I  
An effective science and technology/engineering program builds upon and 
develops students’ literacy skills and knowledge. 
Reading, writing, and communication skills are necessary elements of learning and engaging 
in science and technology/engineering. Teachers should consistently support students in 
acquiring comprehension skills and strategies, as well as vocabulary, to deepen students’ 
understanding of text meaning. Science and technology/engineering texts contain specialized 
knowledge that is organized in a specific way. For example, scientific texts will often 
articulate a general principle that describes a pattern in nature, followed by evidence that 
supports and illustrates the principle. Science and technology/engineering classrooms make 
use of a variety of text materials, including textbooks, journals, lab instructions, and reports.  
Texts are generally informational in nature, rather than narrative, and often include high 
proportions of facts and terms related to a particular phenomenon, process, or structure. 
Teachers should help students understand that the types of texts students read, along with the 
purpose(s) for reading these texts, are specific to science and technology/engineering. 
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 Supporting the development of students’ literacy skills will help them to deepen their 
understanding of science and technology/engineering concepts. 
 
Students should be able to use reading, writing, and communication skills to enhance their 
understanding of scientific and technological/engineering text materials, including 
informational text, diagrams, charts, graphs, and formulas; communicate ideas; and apply 
logic and reasoning in scientific and technological/engineering contexts. Students should be 
able to use a variety of texts to distinguish fact from opinion, make inferences, draw 
conclusions, and collect evidence to test hypotheses and build arguments. Successful 
development of these skills requires explicit opportunities to develop literacy skills and 
knowledge. 
 
 
G U I D I N G  P R I N C I P L E  V I I  
Students learn best in an environment that conveys high academic 
expectations for all students. 
A high quality education system simultaneously serves the goals of equity and excellence. At 
every level of the education system, teachers should act on the belief that young people from 
every background can learn rigorous science content and solve tough engineering problems. 
Teachers and guidance personnel should advise students and parents that rigorous courses 
and advanced sequences in science and technology/engineering will prepare them for success 
in college and the workplace. After-school, weekend, and summer enrichment programs 
offered by school districts or communities may be especially valuable and should be open to 
all. Schools and districts should also invite role models from business and the community 
(including professional engineers and scientists) to visit classes, work with students, and 
contribute to instruction.  
 
Regardless of whether students go on to an institute of higher education or to a workplace, 
they should be equipped with the skills and habits required for postsecondary success. Skills 
such as the ability to work through difficult problems, to be creative in problem solving, and 
to think critically and analytically will serve students in any setting. When students work 
toward high expectations in these areas, they develop the foundation they need for success 
after graduation.  
 
 
G U I D I N G  P R I N C I P L E  V I I I  
Assessment in science and technology/engineering serves to inform student 
learning, guide instruction, and evaluate student progress. 
Assessment reflects classroom expectations and shows outcomes of student learning based on 
established knowledge and performance goals.  The learning standards in this Framework are 
a key resource for setting such knowledge and performance objectives in science and 
technology/engineering.  Assessment assists teachers in improving classroom practice, 
planning curricula, developing self-directed learners, reporting student progress, and 
evaluating programs. It provides students with information about how their knowledge and 
skills are developing and what can be done to improve them. It lets parents know how well 
their children are doing and what needs to be done to help them do better. 
 
Using assessment data, teachers can better meet the needs of individual students as those 
students work toward mastery of the Framework learning standards. Teachers should assess 
student progress toward desired outcomes on a regular basis through formative assessments. 
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 Formative assessments allow a teacher to benchmark progress, evaluate the pace of 
instruction, and determine the need for intervention support. Through formative assessments, 
students receive timely feedback regarding their accomplishments and needs. 
 
Diagnostic information gained from multiple forms of assessment enables teachers to adjust 
their day-to-day and week-to-week practices to foster greater student achievement. The many 
types of assessment include paper-and-pencil testing, performance testing, interviews, and 
portfolios, as well as less formal inventories such as regular observation of student responses 
to instruction. In helping students achieve standards, assessments should also use a variety of 
question formats: multiple-choice, short-answer, and open-ended. Performance-based 
assessments should also be developed that allow students to demonstrate what they have 
learned in the context of solving a problem or applying a concept. This kind of assessment 
requires students to refine a problem, devise a strategy to solve it, apply relevant knowledge, 
conduct sustained work, and deal with both complex concepts and discrete facts. 
 
 
G U I D I N G  P R I N C I P L E  I X  
An effective program in science and technology/engineering gives students 
opportunities to collaborate in scientific and technological endeavors and 
communicate their ideas. 
Scientists and engineers work as members of their professional communities. Ideas are tested, 
modified, extended, and reevaluated by those professional communities over time. Thus, the 
ability to convey their ideas to others is essential for these advances to occur.  
 
In order to learn how to effectively communicate scientific and technological ideas, students 
require practice in making written and oral presentations, fielding questions, responding to 
critiques, and developing replies.  Students need opportunities to talk about their work in 
focused discussions with peers and with those who have more experience and expertise. This 
communication can occur informally, in the context of an ongoing student collaboration or 
on-line consultation with a scientist or engineer, or more formally, when a student presents 
findings from an individual or group investigation.  
 
 
G U I D I N G  P R I N C I P L E  X  
A coherent science and technology/engineering program requires 
district-wide planning and on-going support for implementation. 
 
District-Wide Planning 
An effective curriculum that addresses the learning standards of this Framework must be 
planned as a PreK–12 cohesive unit. Teachers in different classrooms and at different levels 
should agree about what is to be taught in given grades. For example, middle school teachers 
should be able to expect that students coming from different elementary schools within a 
district share a common set of experiences and understandings in science and 
technology/engineering, and that the students they send on to high school will be well-
prepared for what comes next. In order for this expectation to be met, middle school teachers 
need to plan curricula in common with their elementary and high school colleagues, and with 
district staff. 
 
To facilitate planning, the district coordinator should be involved in articulating, coordinating, 
and implementing a district-wide (PreK–12) science and technology/engineering curriculum.  
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 School districts should select engaging, challenging, and accurate curriculum materials that 
are based on research regarding how children learn science and technology/engineering, and 
research about how to overcome student misconceptions. To aid their selection, districts may 
want to consult this Framework’s Appendix VII, Criteria for Evaluating Instructional 
Materials and Programs in Science and Technology/Engineering. 
 
When planning for the introduction of a new curriculum, it is important to identify explicitly 
how success will be measured. Indicators need to be determined and should be communicated 
to all stakeholders. Supervisors should monitor whether the curriculum is actually being used 
and how instruction has changed. Teacher teams, working across grade levels, should look at 
student work and other forms of assessment to determine whether there is evidence of 
achievement of the sought-for gains in student understanding. 
 
On-Going Support 
Implementation of a new curriculum is accomplished over multiple years and requires 
opportunities for extensive professional development. Teachers must have both content 
knowledge and pedagogical expertise to use curricular materials in a way that enhances 
student learning. A well-planned program for professional development provides for both 
content learning and content-based pedagogical training. It is further recommended that 
middle and high school courses be taught by teachers who are certified in their area, and who 
are therefore very familiar with the safe use of materials, tools, and processes. 
 
Science and technology/engineering programs can be more effective when families and 
community members are involved in the selection of curricula and materials, the planning 
process, and the implementation of the program. Parents who have a chance to examine and 
work with the materials in the context of a Family Science Night, Technology/ Engineering 
Fair, or other occasion will better understand and support their children’s learning. In 
addition, local members of the science and engineering community may be able to lend their 
own expertise to assist with the implementation of curricula. Teachers and administrators 
should invite scientists, engineers, higher education faculty, representatives of local 
businesses, and museum personnel to help enrich the curriculum with community 
connections. 
 
18 Massachusetts Science and Technology/Engineering Curriculum Framework, October 2006 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Science and Technology/Engineering 
 Learning Standards 
 
 
 
 
 Science and Technology/Engineering 
Learning Standards 
 
This Massachusetts Science and Technology/Engineering Curriculum Framework is one of 
seven curriculum frameworks that advance Massachusetts’ educational reform in learning, 
teaching, and assessment.  It was created and has been revised by teachers and administrators 
of science and technology/engineering programs in prekindergarten through grade 12 school 
districts, and by college and university professors, engineers, and scientists in the various 
domains, along with staff from the Department of Education.  
 
Development of the Standards 
1995, Initial Framework 
This 2006 Framework derives from two reform initiatives in Massachusetts: the Education 
Reform Act of 1993, and Partnerships Advancing the Learning of Mathematics and Science 
(PALMS). From 1992 to 2002, the PALMS Statewide Systemic Initiative was funded by the 
National Science Foundation in partnership with the state and the Noyce Foundation. A 
central goal of these initiatives was to develop, disseminate, and implement curriculum 
frameworks in mathematics and in science and technology. The initial Science and 
Technology Curriculum Framework was approved in 1995, and was implemented in the field. 
 
2001, Full Revision of the Framework 
Because the Education Reform Act required that frameworks be reviewed and revised 
periodically, a revision panel was appointed by the Commissioner and the Board of 
Education in the summer of 1998. The panel examined the standards in the original Science 
and Technology Curriculum Framework, reviewed comments on them from the field, and 
reassessed their appropriateness in order to work out a more coherent organization of 
concepts and skills through the grade levels. The panel referred to the Benchmarks for 
Science Literacy—Project 2061, data from the Third International Mathematics and Science 
Study, the National Research Council’s National Science Education Standards, the 
Technology for All Americans Project, results from the 1998 administration of the MCAS 
Science and Technology tests, and advances in science and technology/engineering.  
 
The draft produced by the revision panel was released for public comment in August 1999. 
Based on comments on this draft from science and technology/engineering teachers and other 
educators, further revisions were made, particularly at the high school level. Groups of high 
school science teachers in each domain of science and technology/engineering developed a 
comprehensive set of standards for a course in each domain. The 2001 Framework, for the 
first time, articulated standards for full-year high school courses in earth and space science, 
biology, chemistry, introductory physics, and technology/ engineering. The Framework 
identified a subset of “core” standards for each course that were designed to serve as the basis 
for high school MCAS assessments. This version of the Framework was approved and 
implemented in May 2001. 
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 2006, Revised High School Standards and Framework Update 
Revised High School Standards 
The revision of the high school standards in 2006 was undertaken in preparation for the 
inclusion of science and technology/engineering in the Competency Determination. In 
particular, the revision achieved two main objectives. One objective was to make all 
standards assessable by removing the identification of “core” standards. The second objective 
was to include standards that would promote the teaching and learning of science through 
laboratory experiences. The 2006 revised science and technology/engineering high school 
learning standards now list both the science content knowledge and scientific inquiry skills 
needed to achieve scientific literacy. 
 
Each standard presents an expected measure of depth and specificity for a concept or topic. 
Teachers may choose to teach any of the standards in greater depth, or address topics that are 
not reflected in the standards. However, the amount of time taken to teach a topic beyond the 
stated standard should be balanced with the need to provide students an opportunity to 
effectively learn all the standards for a course. 
 
Key revisions to the high school science and technology/engineering standards include the 
following: 
• The revised content standards are presented as a single list of content standards for 
each course, with no differentiation between core and non-core standards, making all 
standards subject to local and state assessment. 
• In addition to the content standards, each course now includes four Scientific Inquiry 
Skills standards that are illustrated by examples of particular skills to be used within 
that course. 
• The wording of some of the content standards has been changed in order to clarify 
the standard or increase its specificity. 
• Each course now includes a list of mathematical skills necessary for a solid 
understanding of the course. 
• The two-year integrated science course in grades 9 and 10 was eliminated. 
 
Framework Update 
The 2006 Massachusetts Science and Technology/Engineering Curriculum Framework 
includes the following key updates: 
• Several Guiding Principles are revised, including additions regarding literacy (VI), high 
expectations (VII), assessment (VIII), and clarification of district-wide planning (X). 
• The 2006 revised high school standards replace the 2001 high school standards. 
• Additional vignettes at the high school level illustrate teaching and learning experiences. 
• Appendix I relates learning standards across all grade spans to Broad Topics within 
each strand. 
• Safety practices and legal regulations are detailed (Appendix IV). 
• Appendix V presents the Department of Education’s (October 2005) Alternative 
Dissection Policy and resources. 
• Links to curriculum reviews by other organizations are provided in Appendix VI. 
• Web links are updated. 
 
Please note that the grade PreK through grade 8 learning standards presented in this 
Framework have not changed from the content of the learning standards presented in the 
2001 Framework. Minor edits, however, were made to four of the grades 3–8 standards to 
address content accuracy. These include: Earth and Space Science, 6-8, #2; and 
Technology/Engineering, 3-5, #1.1; and 6-8, #1.1 and 6.1. 
.
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 Earth and Space Science 
 
In earth and space science, students study the origin, structure, and physical phenomena of 
the earth and the universe. Earth and space science studies include concepts in geology, 
meteorology, oceanography, and astronomy. These studies integrate previously or 
simultaneously gained understandings in physical and life science with the physical 
environment. Through the study of earth and space, students learn about the nature and 
interactions of oceans and the atmosphere, and of earth processes, including plate tectonics, 
changes in topography over time, and the place of the earth in the universe. 
 
• In grades PreK–2, students are naturally interested in everything around them. This 
curiosity leads them to observe, collect, and record information about the earth and 
about objects visible in the sky. Teachers should encourage their students’ 
observations without feeling compelled to offer precise scientific reasons for these 
phenomena. Young children bring these experiences to school and learn to extend 
and focus their explorations. In the process, they learn to work with tools like 
magnifiers and simple measuring devices. 
 
Learning standards for grades PreK–2 fall under the following four subtopics:  
Earth’s Materials; The Weather; The Sun as a Source of Light and Heat; and 
Periodic Phenomena. 
 
• In grades 3–5, students explore properties of geological materials and how they 
change. They conduct tests to classify materials by observed properties, make and 
record sequential observations, note patterns and variations, and look for factors that 
cause change. Students observe weather phenomena and describe them quantitatively 
using simple tools. They study the water cycle, including the forms and locations of 
water. The focus is on having students generate questions, investigate possible 
solutions, make predictions, and evaluate their conclusions.  
 
Learning standards for grades 3–5 fall under the following six subtopics:  Rocks and 
Their Properties; Soil; Weather; The Water Cycle; Earth’s History; and The Earth in 
the Solar System. 
 
• In grades 6–8, students gain sophistication and experience in using models, satellite 
images, and maps to represent and interpret processes and features. In the early part 
of this grade span, students continue to investigate geological materials’ properties 
and methods of origin. As their experiments become more quantitative, students 
should begin to recognize that many of the earth’s natural events occur because of 
processes such as heat transfer.  
 
Students in these grades should recognize the interacting nature of the earth’s four 
major systems: the geosphere, hydrosphere, atmosphere, and biosphere. They should 
begin to see how the earth’s movement affects both the living and nonliving 
components of the world. Attention shifts from the properties of particular objects 
toward an understanding of the place of the earth in the solar system and changes in 
the earth’s composition and topography over time. Middle school students grapple 
with the importance and methods of obtaining direct and indirect evidence to support 
current thinking. They recognize that new technologies and observations change our 
explanations about how things in the natural world behave.  
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Learning standards for grades 6–8 fall under the following five subtopics:  Mapping 
the Earth; Earth’s Structure; Heat Transfer in the Earth System; Earth’s History; 
and The Earth in the Solar System. 
 
• At the high school level, students review geological, meteorological, oceanographic, 
and astronomical data to learn about Earth’s matter, energy, processes, and cycles. 
Through these data they also learn about the origin and evolution of the universe. 
Students gain knowledge about Earth’s internal and external energy sources, local 
weather and climate, and the dynamics of ocean currents. Students learn about the 
renewable and non-renewable energy resources of Earth and what impact these have 
on the environment. Through learning about Earth’s processes and cycles, students 
gain a better understanding of nitrogen and carbon cycles, the rock cycle, and plate 
tectonics. Students also learn about the origin of the universe and how scientists are 
currently studying deep space and the solar system. 
 
High school learning standards fall under the following four subtopics:  Matter and 
Energy in the Earth System; Energy Resources in the Earth System; Earth Processes 
and Cycles; and The Origin and Evolution of the Universe. 
 
Earth and Space Science learning standards are also grouped under Broad Topics in 
Appendix I, which highlights the relationships of standards among grade spans. 
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 Earth and Space Science, Grades PreK–2 
 
LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING 
  (Technology/Engineering standards for grades PreK–2 are on page 85.) 
Earth’s Materials 
1. Recognize that water, 
rocks, soil, and living 
organisms are found on 
the earth’s surface.  
Walk around the playground 
observing and discussing where 
water, rocks, soil, and living 
organisms are found.  
Identify characteristics shared by 
naturally occurring rocks and 
manmade concrete. (T/E 1.1) 
2. Understand that air is a 
mixture of gases that is 
all around us and that 
wind is moving air. 
Use a hand pump to inflate a 
basketball. Observe and discuss 
how and why the basketball gets 
larger as more air is added. (Air 
takes up space.) 
Design a kite and identify which 
materials would be used for its 
construction.  Classify them as 
natural or manmade materials. 
Build the kite and fly it outside. 
(T/E 1.1, 1.2)  
The Weather 
3. Describe the weather 
changes from day to day 
and over the seasons. 
Keep a class weather chart 
indicating daily temperature, how 
windy it is, which direction wind 
is blowing (use visual clues), and 
kind of precipitation, if any. 
Design and build a tool that could 
be used to show wind direction 
(wind sock). (T/E 1.3) 
The Sun as a Source of Light and Heat 
4. Recognize that the sun 
supplies heat and light 
to the earth and is 
necessary for life. 
Record the time of day when the 
sun shines in different school 
locations and note patterns.  
Design a shade for the window to 
keep the room cool in the summer 
or to keep the sun out for 
television viewing. (T/E 1.1, 1.3) 
Periodic Phenomena 
5. Identify some events 
around us that have 
repeating patterns, 
including the seasons of 
the year, day and night. 
Make a list of things seen 
outdoors and in the sky during the 
day. Make another list of things 
seen outdoors and in the sky at 
night. Discuss the differences 
between the day and night lists.  
Use a thermometer to record the 
temperature from morning to noon 
over several weeks and discuss 
any patterns that emerge. (T/E 
2.1)  
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 Earth and Space Science, Grades 3–5 
 
LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING 
  (Technology/Engineering standards for grades 3–5 are on page 86.) 
Rocks and Their Properties 
1. Give a simple 
explanation of what a 
mineral is and some 
examples, e.g., quartz, 
mica. 
Observe and describe the 
characteristics of ore minerals 
such as magnetite and hematite 
(two sources of iron).  
Design a flowchart to 
demonstrate how silica from sand 
is used to make glass.   (T/E 2.2)  
2. Identify the physical 
properties of minerals 
(hardness, color, luster, 
cleavage, and streak), 
and explain how 
minerals can be tested 
for these different 
physical properties. 
Acquire a collection of minerals 
that includes (a) duplicates of the 
same mineral, somewhat different 
in appearance (size, shape, exact 
color) and (b) samples of minerals 
that look similar but are actually 
different. Examine minerals using 
a hand lens. Look for and record 
similarities and differences such 
as heaviness, color, texture, 
crystal shapes, luster, surface 
patterns, etc. Sort as accurately as 
possible. Report total number of 
different minerals present, and 
how many duplicates, if any, of 
each type.  
Use simple tools to test for 
hardness, e.g., Moh’s Scale of 
Hardness. (T/E 1.1) 
3. Identify the three 
categories of rocks 
(metamorphic, igneous, 
and sedimentary) based 
on how they are formed, 
and explain the natural 
and physical processes 
that create these rocks.  
Examine rocks collected from the 
schoolyard or a field trip 
location, or brought in from 
home. Sort rocks into igneous, 
metamorphic, or sedimentary 
based on their physical 
properties. 
Discuss the use of rocks in 
construction based on their 
physical properties.  Test the 
hardness of various types of rocks 
used in construction.    (T/E 1.1)  
Soil 
4. Explain and give 
examples of the ways in 
which soil is formed (the 
weathering of rock by 
water and wind and 
from the decomposition 
of plant and animal 
remains). 
Observe sand with a hand lens. 
Note how particles resemble 
minerals. Observe topsoil with a 
hand lens. Look for fragments of 
organisms. Note differences in 
color, texture, odor, and clumping 
due to organic components vs. 
pure sand. Mix topsoil and sand 
together in various proportions to 
represent samples of types of 
soils.  
Design and construct a 
composting bin being sure to keep 
design considerations in mind, 
e.g., aeration, resistance to rot, 
etc. (T/E 1.2, 2.1–2.3)  
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 Earth and Space Science, Grades 3–5 
 
LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING 
  (Technology/Engineering standards for grades 3–5 are on page 86.) 
Soil (cont.) 
5. Recognize and discuss 
the different properties 
of soil, including color, 
texture (size of 
particles), the ability to 
retain water, and the 
ability to support the 
growth of plants. 
Design an experiment to find out 
if different soil samples retain 
different amounts of water. 
Explain how the properties of the 
particles affect the large-scale 
properties of the soil like water 
retention and speed of water flow. 
Discuss how a soil’s water 
retention affects the animals and 
plants that live in it.  
Use sieves of different mesh sizes 
to separate coarse and fine 
materials in a soil sample. 
Approximate the ratio of fine to 
coarse material in the sample. 
(T/E 1.1, 1.2) 
Weather 
6. Explain how air 
temperature, moisture, 
wind speed and 
direction, and 
precipitation make up 
the weather in a 
particular place and 
time. 
Use a collection of classical (not 
digital) weather instruments, 
including thermometer, barometer, 
rain gauge, hygrometer, and 
anemometer, that clearly show the 
physical principle that makes them 
work. Note: A “homemade” 
instrument is often too inaccurate 
and unreliable to be a good 
weather teaching aid by itself. 
However, when used in 
combination with a working 
instrument of similar simple 
design, it can help students grasp 
both an important physical 
concept and its relevance to 
weather. 
• Using measuring tools or graph 
paper, sketch a scale drawing of 
the front view of an object used to 
measure weather. (T/E 2.3) 
• Design and construct a variety of 
simple instruments that could be 
used to measure weather. Discuss 
how their design suits their 
purpose. (T/E 2.1–2.4) 
• Explain how tools of technology 
such as a hammer, screwdriver, 
pliers, tape measure, screws, 
nails, and other mechanical 
fasteners can be used to make or 
build weather instruments.      
(T/E 1.1) 
7. Distinguish among the 
various forms of 
precipitation (rain, snow, 
sleet, and hail), making 
connections to the 
weather in a particular 
place and time. 
Measure various forms of 
precipitation. Bring a measured 
sample of snow into the 
classroom, allow it to melt, and 
compare the amount of water that 
results with the original 
measurement. 
Construct various weather station 
instruments (e.g., wind gauge, 
barometer, anemometer), record 
data from them, and make 
conclusions. (T/E 1.1, 1.2, 2.1, 
2.2, 2.3) 
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 Earth and Space Science, Grades 3–5 
 
LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING 
  (Technology/Engineering standards for grades 3–5 are on page 86.) 
Weather (cont.) 
8. Describe how global 
patterns such as the jet 
stream and water 
currents influence local 
weather in measurable 
terms such as 
temperature, wind 
direction and speed, and 
precipitation. 
Design an activity to illustrate 
convection (essential in 
transferring both heat and 
moisture around the world; drives 
both wind circulation and ocean 
currents.) Freeze a dark solution 
of food coloring and water in an 
ice cube tray. Float a colored ice 
cube on water in a transparent 
container. Discuss what happens, 
and how it is connected to 
convection in both liquid and gas.  
Make a model of an ocean 
current. Fill a jar halfway with 
warm water. Sprinkle some 
pepper into the water to represent 
particles in the ocean. Put a 
colored ice cube into the jar. 
Draw and describe observations. 
(T/E 2.2) 
9. Differentiate between 
weather and climate. 
Collect daily temperature and 
precipitation data, preferably by 
observation, at school. At the 
same time use the Internet or a 
newspaper to collect the same data 
for a nearby city and a city on the 
west coast of the U.S. After three 
months, take various averages of 
the daily data for the three 
locations. Graph the data. Discuss 
how the long-term daily weather 
averages begin to describe each 
climate. 
• Discuss tools used to measure 
everyday weather compared with 
tools used in determining climate. 
(T/E 1.2) 
• Use a thermometer and barometer 
to compare conditions indoors 
and outdoors. (T/E 2.4) 
The Water Cycle 
10. Describe how water on 
earth cycles in different 
forms and in different 
locations, including 
underground and in the 
atmosphere. 
Draw a diagram of the water 
cycle. Label evaporation, 
condensation, and precipitation. 
Explain what happens during each 
process.  
Design and build a terrarium to 
demonstrate the water cycle. (T/E 
1.2, 2.1–2.3)  
11. Give examples of how 
the cycling of water, 
both in and out of the 
atmosphere, has an 
effect on climate. 
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 Earth and Space Science, Grades 3–5 
 
LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING 
  (Technology/Engineering standards for grades 3–5 are on page 86.) 
Earth’s History 
12. Give examples of how 
the surface of the earth 
changes due to slow 
processes such as 
erosion and 
weathering, and rapid 
processes such as 
landslides, volcanic 
eruptions, and 
earthquakes. 
To demonstrate the influence of 
vegetation on erosion, put soil in 
two shallow rectangular baking 
pans. Cover one pan with a layer 
of sod. Elevate one end of each 
pan. Compare and discuss the 
erosion caused by equal amounts 
of water running down each slope. 
Identify one manmade attribute 
that slows the erosion process 
(e.g., hay bales used at a 
construction site, silt fence 
protecting sand dunes) and one 
attribute that accelerates it (e.g., 
paving a parking lot, cutting 
trees). Relate these to natural 
systems. (T/E 2.1, 2.4)  
The Earth in the Solar System 
13. Recognize that the 
earth is part of a 
system called the “solar 
system” that includes 
the sun (a star), 
planets, and many 
moons. The earth is the 
third planet from the 
sun in our solar system. 
Create a proportional model of the 
solar system starting on the school 
playground and extending as far 
as possible. Demonstrate the size 
of objects (use a pea for the 
smallest planet, and different-
sized balls for the others) and the 
distance between them. 
 
14. Recognize that the earth 
revolves around (orbits) 
the sun in a year’s time 
and that the earth 
rotates on its axis once 
approximately every 24 
hours. Make 
connections between the 
rotation of the earth and 
day/night, and the 
apparent movement of 
the sun, moon, and stars 
across the sky. 
Observe and discuss changes in 
length and direction of shadows 
during the course of a day. 
Design and build a sundial and 
use it to determine the time of day. 
Explore how accurate it is over 
time. Determine the conditions 
under which the sundial does and 
does not work. (T/E 1.1, 1.2, 2.3)  
15. Describe the changes 
that occur in the 
observable shape of the 
moon over the course of 
a month. 
Observe the sky every night for 30 
days. Record every night the 
shape of the moon and its relative 
location across the sky (record the 
date of the month and the time of 
observation each time as well).  
Design and create a calendar that 
illustrates the phases of the moon. 
(T/E 2.2, 2.3) 
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 W H A T  I T  L O O K S  L I K E  I N  T H E  C L A S S R O O M  
 
Weather Stations 
Adapted from the National Science Education Standards, pp. 131–133 
 
Earth and Space Science, Grades 3–5 
 
Soon after school opened in the fall, Mr. Shahan introduced the concept of a weather station. After a 
discussion of students’ experiences with and ideas about weather, Mr. Shahan asked the class what kinds 
of information would be important to collect and how they might go about collecting it. The students 
quickly identified the need to record whether the day was sunny or cloudy, the presence of precipitation, 
and the temperature. Mr. Shahan asked some questions and the list became more complicated: What 
kinds of clouds were evident? How much precipitation accumulated? How did the temperature change 
day to day and over the course of a given day? What was the wind speed and direction? One student said 
that she heard there was a high-pressure front moving in. “What is a front,” she asked, “and is it 
important?” At the end of the discussion, someone mentioned humidity and recalled the muggy heat wave 
of the summer. 
 
The class spent time discussing and planning how they were going to measure the weather conditions, 
what tools they would need, and how they would collect and analyze the data. Students worked in groups, 
and each group focused on one aspect of weather. Twice each week, the groups shared their work with 
the whole class. 
 
Several weeks later, the weather station that the students had created was in operation, and they recorded 
data twice a day. The class made an anemometer and a wind vane and used them to observe wind 
direction and speed. They used a commercial thermometer to observe temperature, and a commercial rain 
gauge to observe precipitation. They measured the air pressure with a handmade barometer that a parent 
helped one student group construct. The class relied on their visual observations to keep a record of cloud 
formations. 
 
After two months, it was time for each group to analyze the data and write the first report for the class 
weather book. The class discussed their ideas and raised the following questions for further study: Is the 
temperature getting lower? What is the relationship between the direction of the wind and the weather the 
following day? What happens when the air pressure goes down or up? Was it colder when it was cloudy? 
 
One group created a bar graph that showed the total number of sunny, cloudy, and rainy days. Another 
group made a graph that showed the daily temperature fluctuations and demonstrated that the weather 
was definitely getting colder. Still another team made an interesting table that illustrated that when the air 
pressure dropped, the weather usually seemed to get worse.  
 
Midyear, Mr. Shahan was satisfied that the students understood the use of charts and graphs, and he 
introduced a simple computer program that allowed the students to record their data more easily. The 
class operated the weather station all year and analyzed the data approximately every two months. At the 
end of the school year, the class donated its weather book to the school library to be used as a reference 
by other students. 
 
Through this extended exercise, the students learned how to ask questions, create tools to gather data, and 
collect and organize data. Specifically, they learned how to describe daily weather changes in terms of 
temperature, wind speed and direction, precipitation, and humidity. 
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Assessment Strategies 
• Discuss with the class the learning objectives for this unit. Develop a rubric for group work and 
written reports.  
• Students can keep a weather record book in which they record notes, observations, and data. 
Periodically throughout the unit, these books can be reviewed and graded by the teacher, and 
used to assess what skills or concepts the students understand and to identify the skill areas that 
need further instruction. Personalized notes to students in their books can individualize 
instruction by suggesting particular activities or resources that will further the students’ learning. 
• Students can measure the effectiveness and accuracy of their homemade instruments by 
comparing the data collected with them to data measured using commercial instruments.  
 
Earth and Space Science Learning Standards 
Grades 3–5 
6. Explain how air temperature, moisture, wind speed and direction, and precipitation make up the 
weather in a particular place and time. 
7. Distinguish among the various forms of precipitation (rain, snow, sleet, and hail), making 
connections to the weather in a particular place and time. 
8. Describe how global patterns such as the jet stream and water currents influence local weather in 
measurable terms such as temperature, wind direction and speed, and precipitation. 
9. Differentiate between weather and climate. 
 
Technology/Engineering Learning Standards 
Grades 3–5 
1.1 Identify materials used to accomplish a design task based on a specific property, e.g., strength, 
hardness, and flexibility. 
1.2 Identify and explain the appropriate materials and tools (e.g., hammer, screwdriver, pliers, tape 
measure, screws, nails, and other mechanical fasteners) to construct a given prototype safely.  
2.3 Identify relevant design features (e.g., size, shape, weight) for building a prototype of a solution 
to a given problem. 
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LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS  
AND LEARNING EXPERIENCES 
Mapping the Earth 
1. Recognize, interpret, and be able to create 
models of the earth’s common physical 
features in various mapping 
representations, including contour maps. 
Choose a small area of unpaved, sloping ground in 
the schoolyard or a park. Create a scale contour 
map of the area. Include true north and magnetic 
north.  
Earth’s Structure 
2. Describe the layers of the earth, including 
the lithosphere, the hot convecting mantle, 
and the dense metallic core. 
Use a Styrofoam ball and paint to construct a cross-
section model of the earth. 
Heat Transfer in the Earth System 
3. Differentiate among radiation, 
conduction, and convection, the three 
mechanisms by which heat is transferred 
through the earth’s system.  
Investigate the movement of a drop of food 
coloring placed in water, with and without a heat 
source, and in different positions relative to a heat 
source. 
4. Explain the relationship among the energy 
provided by the sun, the global patterns of 
atmospheric movement, and the 
temperature differences among water, 
land, and atmosphere. 
Note the relationship between global wind patterns 
and ocean current patterns. 
Earth’s History 
5. Describe how the movement of the earth’s 
crustal plates causes both slow changes in 
the earth’s surface (e.g., formation of 
mountains and ocean basins) and rapid 
ones (e.g., volcanic eruptions and 
earthquakes). 
• Use the Pangaea map to understand plate movement. 
• Research and map the location of volcanic or 
earthquake activity. Relate these locations to the 
locations of the earth’s tectonic plates.  
6. Describe and give examples of ways in 
which the earth’s surface is built up and 
torn down by natural processes, including 
deposition of sediments, rock formation, 
erosion, and weathering. 
• Observe signs of erosion and weathering in local 
habitats and note seasonal changes. 
• Visit local sites following storm events and observe 
changes.  
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LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS  
AND LEARNING EXPERIENCES 
Earth’s History (cont.) 
7. Explain and give examples of how 
physical evidence, such as fossils and 
surface features of glaciation, supports 
theories that the earth has evolved over 
geologic time. 
Make a timeline showing index fossils. Discuss 
which of these fossils are actually found in New 
England. Discuss why some may be missing from 
local rocks.  
The Earth in the Solar System 
8. Recognize that gravity is a force that pulls 
all things on and near the earth toward the 
center of the earth. Gravity plays a major 
role in the formation of the planets, stars, 
and solar system and in determining their 
motions. 
Observe the speed at which objects of various mass 
drop from a common height. Use a chronometer to 
accurately measure time and plot the data as mass 
versus time necessary to reach the ground.  
9. Describe lunar and solar eclipses, the 
observed moon phases, and tides. Relate 
them to the relative positions of the earth, 
moon, and sun. 
Use globes and a light source to explain why high 
tides on two successive mornings are typically 
about 25 hours (rather than 24) apart.  
10. Compare and contrast properties and 
conditions of objects in the solar system 
(i.e., sun, planets, and moons) to those on 
Earth (i.e., gravitational force, distance 
from the sun, speed, movement, 
temperature, and atmospheric conditions). 
Using light objects such as balloons or basketballs, 
and heavy objects such as rocks, make models that 
show how heavy a 1 kg pumpkin would seem on 
the surfaces of the moon, Mars, Earth, and Jupiter.  
11. Explain how the tilt of the earth and its 
revolution around the sun result in an 
uneven heating of the earth, which in turn 
causes the seasons. 
 
12. Recognize that the universe contains 
many billions of galaxies, and that each 
galaxy contains many billions of stars. 
Count the number of stars that can be seen with 
the naked eye in a small group such as the 
Pleiades. Repeat with low-power binoculars. 
Repeat again with telescope or powerful 
binoculars. Research the number of stars present. 
Discuss the meaning of the research and its 
results. 
 
 
 Massachusetts Science and Technology/Engineering Curriculum Framework, October 2006 33 
 Earth and Space Science, High School 
Learning Standards for a Full First-Year Course 
 
I .  C O N T E N T  S T A N D A R D S  
 
1. Matter and Energy in the Earth System 
Central Concepts: The entire Earth system and its various cycles are driven by energy. Earth has both 
internal and external sources of energy. Two fundamental energy concepts included in the Earth system 
are gravity and electromagnetism.  
 
1.1 Identify Earth’s principal sources of internal and external energy, such as radioactive decay, 
gravity, and solar energy. 
1.2 Describe the characteristics of electromagnetic radiation and give examples of its impact on life 
and Earth’s systems. 
1.3 Explain how the transfer of energy through radiation, conduction, and convection contributes to 
global atmospheric processes, such as storms, winds, and currents.  
1.4 Provide examples of how the unequal heating of Earth and the Coriolis effect influence global 
circulation patterns, and show how they impact Massachusetts weather and climate (e.g., global 
winds, convection cells, land/sea breezes, mountain/valley breezes). 
1.5 Explain how the revolution of Earth around the Sun and the inclination of Earth on its axis cause 
Earth’s seasonal variations (equinoxes and solstices). 
1.6 Describe the various conditions associated with frontal boundaries and cyclonic storms (e.g., 
thunderstorms, winter storms [nor’easters], hurricanes, tornadoes) and their impact on human 
affairs, including storm preparations.  
1.7 Explain the dynamics of oceanic currents, including upwelling, deep-water currents, the Labrador 
Current and the Gulf Stream, and their relationship to global circulation within the marine 
environment and climate.  
1.8 Read, interpret, and analyze a combination of ground-based observations, satellite data, and 
computer models to demonstrate Earth systems and their interconnections.  
 
2. Energy Resources in the Earth System 
Central Concepts: Energy resources are used to sustain human civilization. The amount and accessibility 
of these resources influence their use and their impact on the environment. 
 
2.1 Recognize, describe, and compare renewable energy resources (e.g., solar, wind, water, biomass) 
and nonrenewable energy resources (e.g., fossil fuels, nuclear energy). 
2.2 Describe the effects on the environment and on the carbon cycle of using both renewable and 
nonrenewable sources of energy. 
 
3. Earth Processes and Cycles 
Central Concepts: Earth is a dynamic interconnected system. The evolution of Earth has been driven by 
interactions between the lithosphere, hydrosphere, atmosphere, and biosphere. Over geologic time, the 
internal motions of Earth have continuously altered the topography and geography of the continents and 
ocean basins by both constructive and destructive processes. 
 
3.1 Explain how physical and chemical weathering leads to erosion and the formation of soils and 
sediments, and creates various types of landscapes. Give examples that show the effects of 
physical and chemical weathering on the environment.  
3.2 Describe the carbon cycle. 
3.3 Describe the nitrogen cycle. 
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3. Earth Processes and Cycles (cont.) 
3.4 Explain how water flows into and through a watershed. Explain the roles of aquifers, wells, 
porosity, permeability, water table, and runoff.  
3.5 Describe the processes of the hydrologic cycle, including evaporation, condensation, 
precipitation, surface runoff and groundwater percolation, infiltration, and transpiration. 
3.6 Describe the rock cycle, and the processes that are responsible for the formation of igneous, 
sedimentary,  and metamorphic rocks. Compare the physical properties of these rock types and 
the physical properties of common rock-forming minerals. 
3.7 Describe the absolute and relative dating methods used to measure geologic time, such as index 
fossils, radioactive dating, law of superposition, and crosscutting relationships.  
3.8 Trace the development of a lithospheric plate from its growth at a divergent boundary (mid-ocean 
ridge) to its destruction at a convergent boundary (subduction zone). Recognize that alternating 
magnetic polarity is recorded in rock at mid-ocean ridges. 
3.9 Explain the relationship between convection currents in Earth’s mantle and the motion of the 
lithospheric plates. 
3.10 Relate earthquakes, volcanic activity, tsunamis, mountain building, and tectonic uplift to plate 
movements. 
3.11 Explain how seismic data are used to reveal Earth’s interior structure and to locate earthquake 
epicenters. 
3.12 Describe the Richter scale of earthquake magnitude and the relative damage that is incurred by 
earthquakes of a given magnitude. 
 
4. The Origin and Evolution of the Universe 
Central Concepts: The origin of the universe, between 14 and 15 billion years ago, still remains one of 
the greatest questions in science. Gravity influences the formation and life cycles of galaxies, including 
our own Milky Way Galaxy; stars; planetary systems; and residual material left from the creation of the 
solar system.  
 
4.1 Explain the Big Bang Theory and discuss the evidence that supports it, such as background 
radiation and relativistic Doppler effect (i.e., “red shift”). 
4.2 Describe the influence of gravity and inertia on the rotation and revolution of orbiting bodies. 
Explain the Sun-Earth-moon relationships (e.g., day, year, solar/lunar eclipses, tides). 
4.3 Explain how the Sun, Earth, and solar system formed from a nebula of dust and gas in a spiral 
arm of the Milky Way Galaxy about 4.6 billion years ago. 
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I I .  S C I E N T I F I C  I N Q U I R Y  S K I L L S  S T A N D A R D S  
 
Scientific literacy can be achieved as students inquire about geologic, meteorological, oceanographic, and 
astronomical phenomena. The curriculum should include substantial hands-on laboratory and field 
experiences, as appropriate, for students to develop and use scientific skills in Earth and Space Science, 
including reading and interpreting maps, keys, and satellite, radar, and telescope imageries; using satellite 
and radar images and weather maps to illustrate weather forecasts; using seismic data to identify regions 
of seismic activity; and using data from various instruments that are used to study deep space and the 
solar system, as well as the inquiry skills listed below.  
 
SIS1. Make observations, raise questions, and formulate hypotheses. 
 
• Observe the world from a scientific perspective. 
• Pose questions and form hypotheses based on personal observations, scientific articles, 
experiments, and knowledge.  
• Read, interpret, and examine the credibility and validity of scientific claims in different sources of 
information, such as scientific articles, advertisements, or media stories. 
 
SIS2. Design and conduct scientific investigations. 
 
• Articulate and explain the major concepts being investigated and the purpose of an investigation. 
• Select required materials, equipment, and conditions for conducting an experiment. 
• Identify independent and dependent variables. 
• Write procedures that are clear and replicable. 
• Employ appropriate methods for accurately and consistently  
o making observations 
o making and recording measurements at appropriate levels of precision 
o collecting data or evidence in an organized way 
• Properly use instruments, equipment, and materials (e.g., scales, probeware, meter sticks, 
microscopes, computers) including set-up, calibration (if required), technique, maintenance, and 
storage. 
• Follow safety guidelines.  
 
SIS3. Analyze and interpret results of scientific investigations. 
 
• Present relationships between and among variables in appropriate forms.  
• Represent data and relationships between and among variables in charts and graphs.  
• Use appropriate technology (e.g., graphing software) and other tools. 
• Use mathematical operations to analyze and interpret data results. 
• Assess the reliability of data and identify reasons for inconsistent results, such as sources of error 
or uncontrolled conditions. 
• Use results of an experiment to develop a conclusion to an investigation that addresses the initial 
questions and supports or refutes the stated hypothesis. 
• State questions raised by an experiment that may require further investigation. 
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SIS4. Communicate and apply the results of scientific investigations. 
 
• Develop descriptions of and explanations for scientific concepts that were a focus of one or more 
investigations. 
• Review information, explain statistical analysis, and summarize data collected and analyzed as 
the result of an investigation. 
• Explain diagrams and charts that represent relationships of variables. 
• Construct a reasoned argument and respond appropriately to critical comments and questions. 
• Use language and vocabulary appropriately, speak clearly and logically, and use appropriate 
technology (e.g., presentation software) and other tools to present findings. 
• Use and refine scientific models that simulate physical processes or phenomena. 
 
 
I I I .  M A T H E M A T I C A L  S K I L L S  
 
Students are expected to know the content of the Massachusetts Mathematics Curriculum Framework, 
through grade 8. Below are some specific skills from the Mathematics Framework that students in this 
course should have the opportunity to apply: 
 
? Construct and use tables and graphs to interpret data sets. 
? Solve simple algebraic expressions. 
? Perform basic statistical procedures to analyze the center and spread of data. 
? Measure with accuracy and precision (e.g., length, volume, mass, temperature, time) 
? Convert within a unit (e.g., centimeters to meters). 
? Use common prefixes such as milli-, centi-, and kilo-. 
? Use scientific notation, where appropriate. 
? Use ratio and proportion to solve problems. 
 
The following skills are not detailed in the Mathematics Framework, but are necessary for a solid 
understanding in this course: 
 
? Determine percent error from experimental and accepted values. 
? Use appropriate metric/standard international (SI) units of measurement for mass (kg); length 
(m); time (s); force (N); speed (m/s); acceleration (m/s2); and frequency (Hz). 
? Use the Celsius and Kelvin scales. 
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Surface Processes and Landscape 
Adapted from a contribution from Dan Barstow 
 
Earth and Space Science, High School 
 
In Chelmsford, Mr. D’s high school earth science students investigated the interconnections between 
Earth systems by studying river basins and the geologic materials through which they flow.  He began 
this activity by asking the students, “How do rivers affect their surroundings?”  Mr. D instructed the class 
to write down their thoughts, along with what they know about the geology and plant life of the nearby 
Merrimack River.  The class discussed their thoughts. 
 
Next, the class visited two sites on the Merrimack River to gather geologic and ecological data.  Mr. D 
helped the students identify areas along the river where erosion and deposition occurred.  At each site, 
they observed the velocity of the water and noted where it was moving fast or slow.  They collected 
information about the riverbank, including its slope and composition.  Mr. D instructed the students on 
how to classify vegetation near the bank of the river and estimate its density.  The students used a Global 
Positioning System to identify and record the latitude and longitude of both sites so that they could later 
pinpoint the exact locations they had observed along the river.  Students sketched all their observations 
and recorded their data. 
 
Upon returning to the classroom, Mr. D asked the students to use their observations and data to draw a 
bird’s-eye view of the sections of the river they observed.  After completing their drawings, the students 
found a satellite image of the Merrimack River on the Internet.  Using the Merrimack image, Mr. D 
helped students relate their birds-eye drawings to the satellite image.  Students identified patterns of 
erosion, degrees of meandering, and surrounding vegetation.  They used Web sites, topographical maps, 
and other resources to collect additional information about the river.  They researched how the underlying 
bedrock, topology, and climate shape and alter the Merrimack. 
 
Mr. D then instructed the students to make comparisons between the Merrimack River and other rivers 
around the world.  Students were grouped into pairs and each pair was assigned a specific river to 
investigate.  Among the rivers researched were the Nile, Amazon, Danube, Tigris, Yangtze, and 
Mississippi.  Each pair of students downloaded a satellite image of its assigned river and annotated the 
image to highlight features of the river.  Students collected information on meandering, vegetation, 
patterns of erosion, and flood plains from the images as they had done for the Merrimack.  One pair 
noted, for example, that the fertile green vegetated Nile flood plain creates a dramatic contrast with the 
neighboring dry brown desert.  Another pair noted that the Mississippi has many meanderings, ox bow 
lakes, and other erosional features that have evolved over time.  As a class, Mr. D and the students 
discussed the similarities and differences between the rivers they investigated as pairs and the local 
Merrimack River. 
 
The class then worked cooperatively to summarize how the characteristics of a river are the result of 
interactions of materials and processes in the river system.  They then articulated ideal locations along a 
river for the following: (1) white water rafting, (2) setting up a farm, and (3) nearby human habitation.  
They detailed the optimal bank slope, basin shape, and water velocity for each of the locations. 
 
As a result of this experience, students learned how to make ground-based observations, and to accurately 
collect and analyze data.  Students were also able to read, interpret, and analyze satellite images; describe 
how rivers cause erosion and create landscapes; and explain how surface processes impact human 
decisions.  
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Assessment Strategies 
• Students can correctly record data using appropriate language and units in an organized way. 
• Students can create individual portfolios of their work, including some of the images they 
collected/downloaded, data charts, a summary of work completed, and a conclusive report.  They 
can also present and communicate their work to other groups using appropriate technology. 
• Students can be shown images they have seen or not seen and be asked to annotate the images 
and summarize their properties according to a scaled rubric.  Possible rubric items for working 
with images could include the following: 
1. Able to make distinction between water bodies (e.g., rivers, lakes, oceans) and land 
features (e.g., mountains, cities, plains). 
2. Able to identify detailed features of river basins, including ox bows, river erosion patterns, 
vegetation, and flood plains. 
3. Able to make connections between the change processes and resulting features (e.g., 
relating river meanders to land topology).  
 
Earth and Space Science Learning Standards 
High School 
1.8 Read, interpret, and analyze a combination of ground-based observations, satellite data, and 
computer models to demonstrate Earth systems and their interconnections. 
3.1 Explain how physical and chemical weathering leads to erosion and the formation of soils and 
sediments, and creates various types of landscapes. Give examples that show the effects of 
physical and chemical weathering on the environment. 
 
Scientific Inquiry Skills Standards 
High School 
SIS1. Make observations, raise questions, and formulate hypotheses. 
• Observe the world from a scientific perspective. 
SIS2. Design and conduct scientific investigations. 
• Employ appropriate methods for accurately and consistently 
o making observations 
o making and recording measurements at appropriate levels of precision 
o collecting data or evidence in an organized way 
SIS4. Communicate and apply the results of scientific investigations. 
• Use language and vocabulary appropriately, speak clearly and logically, and use appropriate 
technology (e.g., presentation software) and other tools to present findings. 
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 Life Science (Biology) 
 
The life sciences investigate the diversity, complexity, and interconnectedness of life on 
earth. Students are naturally drawn to examine living things, and as they progress through the 
grade levels, they become capable of understanding the theories and models that scientists 
use to explain observations of nature. In this respect, a PreK–12 life science curriculum 
mirrors the way in which the science of biology has evolved from observation to 
classification to theory. By high school, students learn the importance of Darwin’s theory of 
evolution as a framework for explaining continuity, diversity, and change over time. Students 
emerge from an education in the life sciences recognizing that order in natural systems arises 
in accord with rules that seem to govern the physical world, and can be modeled and 
predicted through the use of mathematics. 
 
• As Piaget noted, young children tend to describe anything that moves as alive. For 
purposes of working with students in grades PreK–2, who do not yet understand the 
continuity of life (e.g., from seed to seedling to tree to log), living can be defined as 
anything that is alive or has ever been alive (e.g., muskrat, flower, roadkill, log) and 
nonliving can be defined as anything that is not now and has never been alive (e.g., 
rock, mountain, glass, wristwatch). Over time, students refine their intuitive 
understanding. They begin to include in their definition of living such behaviors as 
eating, growing, and reproducing. They learn to use their senses to observe and then 
describe the natural world. Noticing differences and similarities, and grouping 
organisms based on common features are skills developed in the life science 
curriculum at this grade span. For a more in-depth discussion of this issue, please 
refer to the National Science Education Standards. 
 
Learning standards for PreK–2 fall under the following four subtopics:  
Characteristics of Living Things; Heredity; Evolution and Biodiversity; and Living 
Things and Their Environment.  
 
• In grades 3–5, students expand the range of observations they make of the living 
world. In particular, students in these grades record details of the life cycles of plants 
and animals, and explore how organisms are adapted to their habitats. Students move 
beyond using their senses to gather information. They begin to use measuring devices 
to gather quantitative data that they record, examine, interpret, and communicate. 
They are introduced to the power of empirical evidence as they design ways of 
exploring questions that arise from their observations.  
 
Learning standards for grades 3–5 fall under the following four subtopics: 
Characteristics of Plants and Animals; Structures and Functions; Adaptations of 
Living Things; and Energy and Living Things. 
 
• In grades 6–8, the emphasis changes from observation and description of individual 
organisms to the development of a more connected view of biological systems. 
Students in these grades begin to study biology at the microscopic level, without 
delving into the biochemistry of cells. They learn that organisms are composed of 
cells and that some organisms are unicellular and must therefore carry out all of the 
necessary processes for life within that single cell. Other organisms, including human 
beings, are multicellular, with cells working together. Students should observe that 
the cells of a multicellular organism can be physically very different from each other, 
Massachusetts Science and Technology/Engineering Curriculum Framework, October 2006 41 
 and should relate that fact to the specific role that each cell has in the organism 
(specialization). For example, cells of the eye or the skin or the tongue look different 
and do different things. Students in these grades also examine the hierarchical 
organization of multicellular organisms and the roles and relationships that organisms 
occupy in an ecosystem. As is outlined in the National Science Education Standards, 
students in grades 6–8 should be exposed in a general way to the systems of the 
human body, but are not expected to develop a detailed understanding at this grade 
level. They should develop the understanding that the human body has organs, each 
of which has a specific function of its own, and that these organs together create 
systems that interact with each other to maintain life. 
 
At the macroscopic level, students focus on the interactions that occur within 
ecosystems. They explore the interdependence of living things, specifically the 
dependence of life on photosynthetic organisms such as plants, which in turn depend 
upon the sun as their source of energy. Students use mathematics to calculate rates of 
growth, derive averages and ranges, and represent data graphically to describe and 
interpret ecological concepts. 
 
Learning standards for grades 6–8 fall under the following eight subtopics:  
Classification of Organisms; Structure and Function of Cells; Systems in Living 
Things; Reproduction and Heredity; Evolution and Biodiversity; Living Things and 
Their Environment; Energy and Living Things; and Changes in Ecosystems Over 
Time. 
 
• At the high school level, a solid understanding of the processes of life allows 
students to make scientifically informed decisions related to their health and to the 
health of the planet. Students in high school study life through cell biology and 
genetics (molecular level), vertebrate anatomy and physiology (tissue and organ 
levels), and ecology (organism and population levels). 
 
Organic evolution, a concept fundamental to understanding modern biology, unifies 
these diverse topics. Students learn that the DNA molecule is the functional unit of 
the evolutionary process, and that it dictates all of the physical traits that are inherited 
across generations. They learn that variation in traits also is inherited and that the unit 
of inheritance is the gene. Students learn that variation can give some individuals a 
selective advantage – perhaps due to morphological, physiological or behavioral 
traits – that allow them to survive better, and to be more competitive in a given 
environment. This understanding provides students with a framework for explaining 
why there are so many different kinds of organisms on Earth; why organisms of 
distantly related species share biochemical, anatomical, and functional 
characteristics; why species become extinct; and how different kinds of organisms 
are related to one another. 
 
Learning standards for Biology at the high school level fall under the following six 
subtopics: The Chemistry of Life; Cell Biology; Genetics; Anatomy and Physiology; 
Evolution and Biodiversity; and Ecology. 
 
Life Science learning standards are also grouped under Broad Topics in Appendix I, which 
highlights the relationships of standards among grade spans. 
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 Biotechnology 
Biotechnology is a rapidly expanding field of biology that uses a growing set of techniques to 
derive valuable products from organisms and their cells. Biotechnology is already commonly 
used to identify potential suspects in crimes or exonerate persons wrongly accused, determine 
paternity, diagnose diseases, make high-yield pest-resistant crops, and treat genetic ailments. 
Educators should recognize the importance of introducing students to biotechnology as a way 
of better understanding the molecular basis of heredity. Educators should also provide 
students with methods and critical thinking skills to evaluate the benefits and risks of this 
technology. 
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 Life Science (Biology), Grades PreK–2 
 
IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
 (Technology/Engineering standards for grades PreK–2 are on page 85.)  
Characteristics of Living Things  
Draw and record the growth of a 
plant grown from seeds with 
different light exposures (vary the 
duration and intensity of light 
exposure).  
Design and construct a habitat for 
a living organism that meets its 
needs for food, air, and water. 
(T/E 1.1, 1.2, 1.3)  
1. Recognize that animals 
(including humans) and 
plants are living things 
that grow, reproduce, 
and need food, air, and 
water. 
2. Differentiate between 
living and nonliving 
things. Group both 
living and nonliving 
things according to the 
characteristics that they 
share. 
Compare and contrast groups of 
animals (e.g., insects, birds, fish, 
mammals) and look at how 
animals in these groups are more 
similar to one another than to 
animals in other groups. 
 
3. Recognize that plants 
and animals have life 
cycles, and that life 
cycles vary for different 
living things.  
Design and build a habitat for a 
living organism that can be 
modified to meet the changing 
needs of the organism during its 
life cycle. (T/E 1.1, 1.2)  
• Using either live organisms or 
pictures/models, observe the 
changes in form that occur during 
the life cycle of a butterfly or frog. 
• Discuss the life cycle of a tree. 
Heredity 
 4. Describe ways in which 
many plants and 
animals closely 
resemble their parents 
in observed appearance. 
Look at and discuss pictures of 
animals from the same species. 
Observe and discuss how they are 
alike and how they are different. 
Evolution and Biodiversity 
5. Recognize that fossils 
provide us with 
information about 
living things that 
inhabited the earth 
years ago. 
Look at a variety of fossils or 
pictures of fossils, including 
plants, fish, and extinct species. 
Guess what living organisms they 
might be related to. 
Make a fossil print of plant leaves 
using clay or putty. (T/E 1.1, 1.2) 
44 Massachusetts Science and Technology/Engineering Curriculum Framework, October 2006 
 Life Science (Biology), Grades PreK–2 
 
IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
 (Technology/Engineering standards for grades PreK–2 are on page 85.)  
Living Things and Their Environment 
6. Recognize that people 
and other animals 
interact with the 
environment through 
their senses of sight, 
hearing, touch, smell, 
and taste. 
• Observe small animals in the 
classroom while they find food, 
water, shelter, etc. 
• Talk about how people use their 
senses every day. 
Design and build an ant farm. 
Observe how ants use their senses 
and how they communicate to 
each other the location of a food 
source. (T/E 1.1, 1.2, 1.3)  
Observe and record changes in 
plants (e.g., trees, flowers, grass) 
on the playground and around the 
school during fall, winter, and 
spring.  
Visit a maple syrup manufacturing 
facility. Discuss the sap-to-maple 
syrup process and the seasonal 
life cycle of a tree.  (T/E 1.1, 1.2) 
7. Recognize changes in 
appearance that 
animals and plants go 
through as the seasons 
change. 
8. Identify the ways in 
which an organism’s 
habitat provides for its 
basic needs (plants 
require air, water, 
nutrients, and light; 
animals require food, 
water, air, and shelter). 
Create a garden habitat that will 
attract and provide shelter for 
birds and butterflies. Research and 
plant appropriate flowers.  
Have students draw pictures of 
their houses and an animal’s 
habitat. Discuss differences and 
similarities (e.g., type of materials 
used to build each shelter).      
(T/E 1.3) 
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IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
 (Technology/Engineering standards for grades 3–5 are on page 86.)  
Characteristics of Plants and Animals 
1. Classify plants and 
animals according to the 
physical characteristics 
that they share. 
Create a simple chart to classify 
plants and animals that are 
common to the school’s 
geographical area. (T/E 2.2) 
• Sort plant and animal pictures 
based on physical characteristics.  
• Use a dichotomous key to identify 
plants. 
Structures and Functions 
2. Identify the structures 
in plants (leaves, roots, 
flowers, stem, bark, 
wood) that are 
responsible for food 
production, support, 
water transport, 
reproduction, growth, 
and protection. 
• Observe plant/pollinator interaction 
and seed dispersal methods. 
• Study maple trees and go maple 
sugaring. Identify the structures in 
the maple tree and their functions. 
Collect plants. Make a detailed 
drawing of a plant. Identify and 
label its major structures (i.e., 
leaves, flowers, stems, roots, 
seeds). Describe the function of 
each structure. (T/E 2.2, 2.3)  
Grow plants from seed. Document 
the complete life cycle of the plant. 
Describe emergence of structures 
and the functions of these 
structures. Record changes in 
height over time. Graph the data. 
Design and construct a habitat 
for a small animal (e.g., insect, 
butterfly, frog) that has adequate 
space and contains the 
necessities for survival. The 
habitat should allow for 
observation of the animal as it 
goes through the stages of its life 
cycle. (T/E 1.1, 1.2, 2.1, 2.2, 2.3) 
3. Recognize that plants 
and animals go through 
predictable life cycles 
that include birth, 
growth, development, 
reproduction, and 
death. 
4. Describe the major 
stages that characterize 
the life cycle of the frog 
and butterfly as they go 
through metamorphosis. 
Using either live organisms or 
pictures/models, observe the 
changes in form that occur during 
the life cycle of a butterfly or frog.  
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AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
 (Technology/Engineering standards for grades 3–5 are on page 86.)  
Structures and Functions (cont.) 
 5. Differentiate between 
observed characteristics 
of plants and animals 
that are fully inherited 
(e.g., color of flower, 
shape of leaves, color of 
eyes, number of 
appendages) and 
characteristics that are 
affected by the climate 
or environment        
(e.g., browning of leaves 
due to too much sun, 
language spoken). 
Make frequency tables of the 
number of students with certain 
inherited physical traits, e.g., eye 
color, hair color, earlobe free or 
attached.  
Adaptations of Living Things 
Compare and contrast the physical 
characteristics of plants or animals 
from widely different 
environments (e.g., desert vs. 
tropical plants, aquatic vs. 
terrestrial animals). Explore how 
each is adapted to its environment.  
Discuss how engineers design 
things by using their knowledge of 
the ways that animals move (e.g., 
birds and wings influence airplane 
design, tails and fins of aquatic 
animals influence boat design). 
(T/E 2.4) 
6. Give examples of how 
inherited characteristics 
may change over time 
as adaptations to 
changes in the 
environment that enable 
organisms to survive, 
e.g., shape of beak or 
feet, placement of eyes 
on head, length of neck, 
shape of teeth, color. 
7. Give examples of how 
changes in the 
environment (drought, 
cold) have caused some 
plants and animals to 
die or move to new 
locations (migration).  
Investigate how invasive species 
out-compete native plants (e.g., 
phragmites and purple loosestrife). 
Discuss how some native plants 
die as a result.  
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IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
 (Technology/Engineering standards for grades 3–5 are on page 86.)  
Adaptations of Living Things (cont.) 
8. Describe how organisms 
meet some of their needs 
in an environment by 
using behaviors (patterns 
of activities) in response 
to information (stimuli) 
received from the 
environment. Recognize 
that some animal 
behaviors are instinctive 
(e.g., turtles burying their 
eggs), and others are 
learned (e.g., humans 
building fires for 
warmth, chimpanzees 
learning how to use 
tools). 
• Discuss how newly born sea turtles 
find their way to the ocean. 
• Discuss how pets are trained to 
learn new tricks. 
• Discuss how migrating birds 
navigate. 
• Discuss the actions that coastal 
species take to adjust to the 
changing levels of the tide. 
• Observe an earthworm placed on 
top of soil in a container that is 
exposed to light. Discuss how its 
ability to sense light helps it 
survive (by burrowing) and how its 
structure allows it to burrow 
through soil. 
 
9. Recognize plant 
behaviors, such as the way 
seedlings’ stems grow 
toward light and their 
roots grow downward in 
response to gravity. 
Recognize that many 
plants and animals can 
survive harsh 
environments because of 
seasonal behaviors, e.g., in 
winter, some trees shed 
leaves, some animals 
hibernate, and other 
animals migrate. 
Set a germinating bean in a glass 
filled with water next to an 
asymmetric source of light. 
Allow the root and stem to grow 
a few inches. Rotate the bean so 
that the roots are now touching 
the water at an angle and the 
stem is away from the light 
source. Observe how the root 
system and stem respond to this 
change by changing their 
direction of growth.  
 
10. Give examples of how 
organisms can cause 
changes in their 
environment to ensure 
survival. Explain how 
some of these changes 
may affect the ecosystem. 
• Discuss the importance of wetlands 
to human survival. 
• Investigate how an invasive species 
changes an ecosystem. 
• Research local projects where 
humans are changing the 
environment to ensure a species’ 
survival. 
Brainstorm and sketch items in 
the home that do help or could 
help humans survive (e.g., heater 
for warmth, stove to cook). (T/E 
2.1, 2.2) 
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IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
 (Technology/Engineering standards for grades 3–5 are on page 86.)  
Energy and Living Things 
11. Describe how energy 
derived from the sun is 
used by plants to 
produce sugars 
(photosynthesis) and is 
transferred within a 
food chain from 
producers (plants) to 
consumers to 
decomposers. 
Make a food chain. Begin with the 
sun as the source of energy and 
end with decomposers. Create 
links that show the relationships 
of plants and animals in the chain. 
Show the direction of the flow of 
energy. Discuss results if various 
links in the chain are broken.  
Design and build a compost bin. 
Use a thermometer to measure 
the temperature rise during 
composting. Discuss where heat 
(energy) comes from 
(decomposers metabolize energy 
stored by producers and 
consumers). (T/E 1.2) 
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Organisms in Their Environments 
Adapted from a submission by Ellie Horowitz, Massachusetts Division of Fisheries and Wildlife 
 
Life Science, Grades 3–5 (this activity can be adapted for other grade levels) 
 
Every year, third-grade teacher Ms. Trestin does a unit on living things called “Life in the Soil.” On a trip 
to a wooded area or in the schoolyard, students look for living and nonliving things. Students often 
discover plants and animals, including insects, bugs, and other creatures living in and around leaf litter, 
rotting logs, or even behind plastic or wood in paved areas. As students observe these creatures, Ms. 
Trestin asks them, “What does it look like, and what is it doing?” She asks the students to identify, 
classify, catalog, and place in a food web the living organisms that they find. They develop field guides to 
the creatures of the different microhabitats. 
 
Ms. Trestin extends this unit by examining life in fresh water. Students visit a pond or stream, wade into 
the shallow water, and slide a dip net along the bottom. The creatures they catch are placed carefully in 
small containers and observed with a hand lens. The students compare the similarities and differences 
among the creatures found in water and in soil. 
 
Biodiversity Days, Any Grade Level 
As an extension to the study of plants and animals, students at any grade level can participate in 
Biodiversity Days, which offers the community an opportunity to see how many species they can find in 
their area. Field guides or lists can be provided for the event. Students, teachers, and community members 
can investigate their schoolyards or recreation areas, or join a townwide effort. Students make lists of the 
common plants and animals, and then look closely to find ones that are different. A group of students 
may compile a list of everything they find, or may focus on a single group like birds, reptiles, 
amphibians, or animals that live in or around vernal pools. Class members may want to combine their 
lists into a master list and pass it on as a reference for future observations. All of the information 
collected can be combined, using digital cameras or a scanner, and computer software, to create a school 
or townwide electronic field guide. This data can be submitted and included in a statewide database. For 
more information about Biodiversity Days in Massachusetts, visit 
http://www.maccweb.org/biodiversity_days.html. 
 
Assessment Strategies 
• Clearly state your expectations for the students’ work. Outline the expectations for how field 
guide data should be organized and recorded. It is helpful to have a sample of the level of work 
expected, such as a high quality field guide developed by previous students.  
• Develop a rubric that assesses how accurately the student identifies, classifies, catalogs, and 
places the organisms in a food web.  
• As a culminating activity, invite parents and friends to school and ask students to present their 
findings. The teacher may wish to ask a community member to help evaluate the students’ 
presentations. 
 
Life Science Learning Standards 
Grades 3–5 
1. Classify plants and animals according to the physical characteristics that they share. 
3. Recognize that plants and animals go through predictable life cycles that include birth, growth, 
development, reproduction, and death. 
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IDEAS FOR DEVELOPING INVESTIGATIONS  LEARNING STANDARD 
AND LEARNING EXPERIENCES 
Classification of Organisms 
1. Classify organisms into the currently 
recognized kingdoms according to 
characteristics that they share. Be familiar 
with organisms from each kingdom. 
 
Structure and Function of Cells 
2. Recognize that all organisms are composed 
of cells, and that many organisms are 
single-celled (unicellular), e.g., bacteria, 
yeast. In these single-celled organisms, one 
cell must carry out all of the basic 
functions of life. 
Observe, describe, record, and compare a variety 
of unicellular organisms found in aquatic 
ecosystems. 
3. Compare and contrast plant and animal 
cells, including major organelles (cell 
membrane, cell wall, nucleus, cytoplasm, 
chloroplasts, mitochondria, vacuoles). 
Observe a range of plant and animal cells to identify 
the cell wall, cell membrane, chloroplasts, vacuoles, 
nucleus, and cytoplasm when present. 
4. Recognize that within cells, many of the 
basic functions of organisms (e.g., 
extracting energy from food and getting rid 
of waste) are carried out. The way in which 
cells function is similar in all living 
organisms. 
 
Systems in Living Things 
5. Describe the hierarchical organization of 
multicellular organisms from cells to tissues 
to organs to systems to organisms. 
 
6. Identify the general functions of the major 
systems of the human body (digestion, 
respiration, reproduction, circulation, 
excretion, protection from disease, and 
movement, control, and coordination) and 
describe ways that these systems interact 
with each other. 
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IDEAS FOR DEVELOPING INVESTIGATIONS  LEARNING STANDARD 
AND LEARNING EXPERIENCES 
Reproduction and Heredity 
7. Recognize that every organism requires a 
set of instructions that specifies its traits. 
These instructions are stored in the 
organism’s chromosomes. Heredity is the 
passage of these instructions from one 
generation to another. 
 
8. Recognize that hereditary information is 
contained in genes located in the 
chromosomes of each cell. A human cell 
contains about 30,000 different genes on 23 
different chromosomes.  
 
9. Compare sexual reproduction (offspring 
inherit half of their genes from each 
parent) with asexual reproduction 
(offspring is an identical copy of the 
parent’s cell). 
 
Evolution and Biodiversity 
10. Give examples of ways in which genetic 
variation and environmental factors are 
causes of evolution and the diversity of 
organisms. 
 
11. Recognize that evidence drawn from 
geology, fossils, and comparative anatomy 
provides the basis of the theory of evolution. 
Is the pterodactyl a flying reptile or the ancestor of 
birds? Discuss both possibilities based on the 
structural characteristics shown in pterodactyl fossils 
and those of modern birds and reptiles.  
12. Relate the extinction of species to a 
mismatch of adaptation and the 
environment. 
Relate how numerous species could not adapt to 
habitat destruction and overkilling by humans, e.g., 
woolly mammoth, passenger pigeon, great auk. 
Living Things and Their Environment 
13. Give examples of ways in which organisms 
interact and have different functions 
within an ecosystem that enable the 
ecosystem to survive. 
Study several symbiotic relationships such as 
oxpecker (bird) with rhinoceros (mammal). Identify 
specific benefits received by one or both partners.  
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IDEAS FOR DEVELOPING INVESTIGATIONS  LEARNING STANDARD 
AND LEARNING EXPERIENCES 
Energy and Living Things 
14. Explain the roles and relationships among 
producers, consumers, and decomposers in 
the process of energy transfer in a food 
web. 
Distribute pictures of various producers, consumers, 
and decomposers to groups of students. Have each 
group organize the pictures according to the 
relationships among the pictured species and write a 
paragraph that explains the roles and relationships. 
15. Explain how dead plants and animals are 
broken down by other living organisms 
and how this process contributes to the 
system as a whole. 
Observe decomposer organisms in a compost heap 
on the school grounds, a compost column in a plastic 
bottle, or a worm bin. Use compost for starting seeds 
in the classroom or in a schoolyard garden. 
16. Recognize that producers (plants that 
contain chlorophyll) use the energy from 
sunlight to make sugars from carbon 
dioxide and water through a process called 
photosynthesis. This food can be used 
immediately, stored for later use, or used by 
other organisms. 
Test for sugars and starch in plant leaves. 
Changes in Ecosystems Over Time 
17. Identify ways in which ecosystems have 
changed throughout geologic time in 
response to physical conditions, 
interactions among organisms, and the 
actions of humans. Describe how changes 
may be catastrophes such as volcanic 
eruptions or ice storms. 
Study changes in an area of the schoolyard or a local 
ecosystem over an extended period. Students might 
even compare their observations to those made by 
students in previous years.  
18. Recognize that biological evolution 
accounts for the diversity of species 
developed through gradual processes over 
many generations. 
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I .  C O N T E N T  S T A N D A R D S  
 
1. The Chemistry of Life 
Central Concept: Chemical elements form organic molecules that interact to perform the basic functions 
of life. 
 
1.1 Recognize that biological organisms are composed primarily of very few elements.  The six most 
common are C, H, N, O, P, and S. 
1.2 Describe the basic molecular structures and primary functions of the four major categories of 
organic molecules (carbohydrates, lipids, proteins, nucleic acids). 
1.3 Explain the role of enzymes as catalysts that lower the activation energy of biochemical reactions. 
Identify factors, such as pH and temperature, that have an effect on enzymes. 
 
2. Cell Biology 
Central Concepts: Cells have specific structures and functions that make them distinctive. Processes in a 
cell can be classified broadly as growth, maintenance, and reproduction.  
 
2.1 Relate cell parts/organelles (plasma membrane, nuclear envelope, nucleus, nucleolus, cytoplasm, 
mitochondrion, endoplasmic reticulum, Golgi apparatus, lysosome, ribosome, vacuole, cell 
wall, chloroplast, cytoskeleton, centriole, cilium, flagellum, pseudopod) to their functions. 
Explain the role of cell membranes as a highly selective barrier (diffusion, osmosis, facilitated 
diffusion, active transport). 
2.2 Compare and contrast, at the cellular level, the general structures and degrees of complexity of 
prokaryotes and eukaryotes. 
2.3 Use cellular evidence (e.g., cell structure, cell number, cell reproduction) and modes of nutrition 
to describe the six kingdoms (Archaebacteria, Eubacteria, Protista, Fungi, Plantae, Animalia). 
2.4 Identify the reactants, products, and basic purposes of photosynthesis and cellular respiration. 
Explain the interrelated nature of photosynthesis and cellular respiration in the cells of 
photosynthetic organisms. 
2.5 Explain the important role that ATP serves in metabolism. 
2.6 Describe the cell cycle and the process of mitosis.  Explain the role of mitosis in the formation of 
new cells, and its importance in maintaining chromosome number during asexual reproduction. 
2.7 Describe how the process of meiosis results in the formation of haploid cells.  Explain the 
importance of this process in sexual reproduction, and how gametes form diploid zygotes in the 
process of fertilization. 
2.8 Compare and contrast a virus and a cell in terms of genetic material and reproduction. 
 
3. Genetics 
Central Concepts: Genes allow for the storage and transmission of genetic information. They are a set of 
instructions encoded in the nucleotide sequence of each organism. Genes code for the specific sequences 
of amino acids that comprise the proteins characteristic to that organism. 
 
3.1 Describe the basic structure (double helix, sugar/phosphate backbone, linked by complementary 
nucleotide pairs) of DNA, and describe its function in genetic inheritance. 
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3. Genetics (cont.) 
3.2 Describe the basic process of DNA replication and how it relates to the transmission and 
conservation of the genetic code. Explain the basic processes of transcription and translation, 
and how they result in the expression of genes. Distinguish among the end products of 
replication, transcription, and translation. 
3.3 Explain how mutations in the DNA sequence of a gene may or may not result in phenotypic 
change in an organism. Explain how mutations in gametes may result in phenotypic changes in 
offspring. 
3.4 Distinguish among observed inheritance patterns caused by several types of genetic traits 
(dominant, recessive, codominant, sex-linked, polygenic, incomplete dominance, multiple 
alleles). 
3.5 Describe how Mendel’s laws of segregation and independent assortment can be observed through 
patterns of inheritance (e.g., dihybrid crosses). 
3.6 Use a Punnett Square to determine the probabilities for genotype and phenotype combinations in 
monohybrid crosses. 
 
4. Anatomy and Physiology 
Central Concepts: There is a relationship between the organization of cells into tissues and the 
organization of tissues into organs. The structures and functions of organs determine their relationships 
within body systems of an organism. Homeostasis allows the body to perform its normal functions. 
 
4.1 Explain generally how the digestive system (mouth, pharynx, esophagus, stomach, small and 
large intestines, rectum) converts macromolecules from food into smaller molecules that can be 
used by cells for energy and for repair and growth. 
4.2 Explain how the circulatory system (heart, arteries, veins, capillaries, red blood cells) transports 
nutrients and oxygen to cells and removes cell wastes. Describe how the kidneys and the liver 
are closely associated with the circulatory system as they perform the excretory function of 
removing waste from the blood. Recognize that kidneys remove nitrogenous wastes, and the 
liver removes many toxic compounds from blood. 
4.3 Explain how the respiratory system (nose, pharynx, larynx, trachea, lungs, alveoli) provides 
exchange of oxygen and carbon dioxide. 
4.4 Explain how the nervous system (brain, spinal cord, sensory neurons, motor neurons) mediates 
communication among different parts of the body and mediates the body’s interactions with the 
environment. Identify the basic unit of the nervous system, the neuron, and explain generally 
how it works. 
4.5 Explain how the muscular/skeletal system (skeletal, smooth and cardiac muscles, bones, cartilage, 
ligaments, tendons) works with other systems to support the body and allow for movement. 
Recognize that bones produce blood cells. 
4.6 Recognize that the sexual reproductive system allows organisms to produce offspring that receive 
half of their genetic information from their mother and half from their father, and that sexually 
produced offspring resemble, but are not identical to, either of their parents. 
4.7 Recognize that communication among cells is required for coordination of body functions. The 
nerves communicate with electrochemical signals, hormones circulate through the blood, and 
some cells produce signals to communicate only with nearby cells. 
4.8 Recognize that the body’s systems interact to maintain homeostasis. Describe the basic function 
of a physiological feedback loop. 
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5. Evolution and Biodiversity 
Central Concepts: Evolution is the result of genetic changes that occur in constantly changing 
environments. Over many generations, changes in the genetic make-up of populations may affect 
biodiversity through speciation and extinction. 
 
5.1 Explain how evolution is demonstrated by evidence from the fossil record, comparative 
anatomy, genetics, molecular biology, and examples of natural selection. 
5.2 Describe species as reproductively distinct groups of organisms. Recognize that species are 
further classified into a hierarchical taxonomic system (kingdom, phylum, class, order, family, 
genus, species) based on morphological, behavioral, and molecular similarities. Describe the 
role that geographic isolation can play in speciation. 
5.3 Explain how evolution through natural selection can result in changes in biodiversity through 
the increase or decrease of genetic diversity within a population. 
 
6. Ecology 
Central Concept: Ecology is the interaction among organisms and between organisms and their 
environment. 
 
6.1 Explain how birth, death, immigration, and emigration influence population size. 
6.2 Analyze changes in population size and biodiversity (speciation and extinction) that result from 
the following: natural causes, changes in climate, human activity, and the introduction of 
invasive, non-native species.  
6.3 Use a food web to identify and distinguish producers, consumers, and decomposers, and explain 
the transfer of energy through trophic levels. Describe how relationships among organisms 
(predation, parasitism, competition, commensalism, mutualism) add to the complexity of 
biological communities. 
6.4 Explain how water, carbon, and nitrogen cycle between abiotic resources and organic matter in an 
ecosystem, and how oxygen cycles through photosynthesis and respiration. 
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I I .  S C I E N T I F I C  I N Q U I R Y  S K I L L S  S T A N D A R D S  
 
Scientific literacy can be achieved as students inquire about the biological world. The curriculum should 
include substantial hands-on laboratory and field experiences, as appropriate, for students to develop and 
use scientific skills in biology, along with the inquiry skills listed below. 
 
SIS1. Make observations, raise questions, and formulate hypotheses. 
 
• Observe the world from a scientific perspective. 
• Pose questions and form hypotheses based on personal observations, scientific articles, 
experiments, and knowledge.  
• Read, interpret, and examine the credibility and validity of scientific claims in different sources of 
information, such as scientific articles, advertisements, or media stories. 
 
SIS2. Design and conduct scientific investigations. 
 
• Articulate and explain the major concepts being investigated and the purpose of an investigation. 
• Select required materials, equipment, and conditions for conducting an experiment. 
• Identify independent and dependent variables. 
• Write procedures that are clear and replicable. 
• Employ appropriate methods for accurately and consistently  
o making observations 
o making and recording measurements at appropriate levels of precision 
o collecting data or evidence in an organized way 
• Properly use instruments, equipment, and materials (e.g., scales, probeware, meter sticks, 
microscopes, computers) including set-up, calibration (if required), technique, maintenance, and 
storage. 
• Follow safety guidelines. 
 
SIS3. Analyze and interpret results of scientific investigations. 
 
• Present relationships between and among variables in appropriate forms. 
o Represent data and relationships between and among variables in charts and graphs. 
o Use appropriate technology (e.g., graphing software) and other tools. 
• Use mathematical operations to analyze and interpret data results.  
• Assess the reliability of data and identify reasons for inconsistent results, such as sources of error 
or uncontrolled conditions. 
• Use results of an experiment to develop a conclusion to an investigation that addresses the initial 
questions and supports or refutes the stated hypothesis. 
• State questions raised by an experiment that may require further investigation. 
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SIS4. Communicate and apply the results of scientific investigations. 
 
• Develop descriptions of and explanations for scientific concepts that were a focus of one or more 
investigations. 
• Review information, explain statistical analysis, and summarize data collected and analyzed as 
the result of an investigation. 
• Explain diagrams and charts that represent relationships of variables. 
• Construct a reasoned argument and respond appropriately to critical comments and questions. 
• Use language and vocabulary appropriately, speak clearly and logically, and use appropriate 
technology (e.g., presentation software) and other tools to present findings. 
• Use and refine scientific models that simulate physical processes or phenomena. 
 
 
I I I .  M A T H E M A T I C A L  S K I L L S  
 
Students are expected to know the content of the Massachusetts Mathematics Curriculum Framework, 
through grade 8. Below are some specific skills from the Mathematics Framework that students in this 
course should have the opportunity to apply: 
 
? Construct and use tables and graphs to interpret data sets. 
? Solve simple algebraic expressions. 
? Perform basic statistical procedures to analyze the center and spread of data. 
? Measure with accuracy and precision (e.g., length, volume, mass, temperature, time) 
? Convert within a unit (e.g., centimeters to meters). 
? Use common prefixes such as milli-, centi-, and kilo-. 
? Use scientific notation, where appropriate. 
? Use ratio and proportion to solve problems. 
 
The following skills are not detailed in the Mathematics Framework, but are necessary for a solid 
understanding in this course: 
 
? Determine the correct number of significant figures. 
? Determine percent error from experimental and accepted values. 
? Use appropriate metric/standard international (SI) units of measurement for mass (kg); length 
(m); and time (s). 
? Use the Celsius scale. 
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Exercise Physiology 
Biology, High School 
 
While studying anatomy and physiology, Miss Scott helped her high school biology students understand 
the complex interactions between cells, organs, and organ systems through an investigation of exercise 
physiology.  After the students learned about the general structures and functions of the respiratory, 
circulatory, and muscular systems, Miss Scott asked the students to brainstorm what happens to their 
bodies when they exercise.  After the students generated a list of the body’s responses, Miss Scott asked a 
seemingly simple question, “Which organ system is affected the most by exercise?”  The students 
discussed their thoughts and formed three groups, with each group assigned one of the three systems. 
 
Each group designed an experiment to measure the response to running of their group’s system of interest.  
Students identified a measurable variable associated with their group’s system: heart rate for the 
circulatory system; breathing rate for the respiratory system; and muscle fatigue (the number of sit-ups) 
for the muscular system.  All the groups used five minutes of running on a treadmill—at a ten-minute-per-
mile pace—as the standard for exercise. Before starting, Miss Scott checked each group’s hypothesis, 
procedure, and data chart.  Each group collected data from five different individuals, shown below: 
Responses to Running 
 Breathing Rate  (Breaths/Minute) 
 Student 1 Student 2 Student 3 Student 4 Student 5 Average 
Before Exercise 15 20 14 17 15 16 
After Exercise 26 36 27 29 33 30 
 
 Heart Rate  (Beats/Minute) 
 Student 1 Student 2 Student 3 Student 4 Student 5 Average 
Before Exercise 74 69 82 65 75 73 
After Exercise 140 120 155 135 145 139 
 
 Repetition Rate  (Number of Sit-ups/Minute) 
 Student 1 Student 2 Student 3 Student 4 Student 5 Average 
Before Exercise 36 30 40 24 27 31 
After Exercise 36 24 34 19 22 27 
 
The students were not surprised by their findings.  Exercise increased heart and breathing rates and 
reduced the amount of sit-ups a student could complete.  But which system was affected the most?  The 
class discussed this essential question and decided to calculate the percent change for the average 
response of each system.  With the help of Miss Scott, the students determined that the students’ average 
breathing rate increased 88%, heart rate increased 90%, and repetition rate decreased 13%. 
 
Miss Scott helped the students interpret the results.  The students concluded that while the heart 
experienced the greatest change, the whole circulatory system was not necessarily affected the most.  The 
students realized they would need more information about how the circulatory system responded to 
exercise; perhaps changes in blood pressure would help them gauge how the whole system responded. 
The students also discussed the similarities between the changes in heart and breathing rate.  Miss Scott 
asked the students why the breathing and heart rate changes were so similar and the repetition rate 
changed so little.  The students described how the respiratory and circulatory system worked together to 
provide the muscles with oxygen to do work.  Because the circulatory and respiratory system responded to 
the needs of the muscles, the muscles were able to keep working.  
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Miss Scott then asked, “Why do the muscles need so much oxygen when they are being worked?”  The 
students explained that to move, the muscles require energy, and oxygen probably had something to do 
with making energy.  This led to a short discussion of how cells make energy, including students’ 
reference to prior learning about the role of mitochondria.  The students had difficulty with the details, 
however, so Miss Scott provided them with a short reading passage on cellular respiration.  She asked the 
students to think about how the circulatory and respiratory systems were involved in cellular respiration 
as they read the passage.  After reading the passage, the students individually created a diagram of 
cellular respiration that detailed the relationships among the circulatory and respiratory systems and the 
cell.  One student asked Miss Scott where the amino acids, glucose, fatty acids, and glycerol came from 
for cellular respiration.  She wrote the student’s question on the board and told the class that the question 
would be the focus of their next investigation. 
 
Assessment Strategies 
• Students should be provided early in the lesson with a rubric that clearly outlines the expectations 
for the laboratory investigation.  Students can use this rubric to self-evaluate their work. 
• Students can develop a labeled diagram detailing the path of oxygen into the body to the cells of 
a muscle, and the path of carbon dioxide from a cell out of the body. 
• Students can independently create a plan for a bicyclist to maximize her or his performance 
during a two-day 100-mile race. 
 
Biology Learning Standards 
High School 
2.5 Explain the important role that ATP serves in metabolism. 
4.2 Explain how the circulatory system (heart, arteries, veins, capillaries, red blood cells) transports 
nutrients and oxygen to cells and removes cell wastes. …(see page 55 for entire standard) 
4.3 Explain how the respiratory system (nose, pharynx, larynx, trachea, lungs, alveoli) provides 
exchange of oxygen and carbon dioxide. 
4.5 Explain how the muscular/skeletal system (skeletal, smooth and cardiac muscles, bones, 
cartilage, ligaments, tendons) works with other systems to support the body and allow for 
movement. Recognize that bones produce blood cells.  
4.8 Recognize that the body’s systems interact to maintain homeostasis. Describe the basic function 
of a physiological feedback loop. 
 
Scientific Inquiry Skills Standards 
High School 
SIS1. Make observations, raise questions, and formulate hypotheses. 
• Pose questions and form hypotheses based on personal observations, scientific articles, 
experiments, and knowledge. 
SIS2. Design and conduct scientific investigations. 
• Articulate and explain the major concepts being investigated and the purpose of an investigation.
• Select required materials, equipment, and conditions for conducting an experiment. 
SIS3. Analyze and interpret results of scientific investigations. 
• Present relationships between and among variables in appropriate forms.  
• Use results of an experiment to develop a conclusion to an investigation that addresses the 
initial questions and supports or refutes the stated hypothesis. 
SIS4. Communicate and apply the results of scientific investigations. 
• Develop descriptions of and explanations for scientific concepts that were the focus of one or 
more investigations. 
• Review information, explain statistical analysis, and summarize data collected and analyzed as 
the result of an investigation. 
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The physical sciences (chemistry and physics) examine the physical world around us. Using 
the methods of the physical sciences, students learn about the composition, structure, 
properties, and reactions of matter, and the relationships between matter and energy. 
 
Students are best able to build understanding of the physical sciences through hands-on 
exploration of the physical world. This Framework encourages repeated and increasingly 
sophisticated experiences that help students understand properties of matter, chemical 
reactions, forces and motion, and energy. The links between these concrete experiences and 
more abstract knowledge and representations are forged gradually. Over the course of their 
schooling, students develop more inclusive and generalizable explanations about physical and 
chemical interactions.  
 
Tools play a key role in the study of the physical world, helping students to detect physical 
phenomena that are beyond the range of their senses. By using well-designed instruments and 
computer-based technologies, students can better explore physical phenomena in ways that 
support greater conceptual understanding. 
 
• In grades PreK–2, students’ curiosity is engaged when they observe physical 
processes and sort objects by different criteria. During these activities, students learn 
basic concepts about how things are alike or different. As they push, pull, and 
transform objects by acting upon them, the students see the results of their actions 
and begin to understand how part of their world works. They continue to build 
understanding by telling stories about what they did and what they found out. 
 
Learning standards for PreK–2 fall under the following three subtopics:  Observable 
Properties of Objects; States of Matter; and Position and Motion of Objects. 
 
• In grades 3–5, students’ growth in their understanding of ordinary things allows 
them to make the intellectual connections necessary to understand how the physical 
world works. Students are able to design simple comparative tests, carry out the tests, 
collect and record data, analyze results, and communicate their findings to others. 
 
Learning standards for grades 3–5 fall under the following three subtopics:  
Properties of Objects and Materials; States of Matter; and Forms of Energy 
(including electrical, magnetic, sound, and light). 
 
• In grades 6–8, students still need concrete, physical-world experiences to help them 
develop concepts associated with motion, mass, volume, and energy. As they learn to 
make accurate measurements using a variety of instruments, their experiments 
become more quantitative and their physical models more precise. Students in these 
grades are able to graph one measurement in relation to another, such as temperature 
change over time. They may collect data by using microcomputer- or calculator-
based laboratories (MBL or CBL), and can learn to make sense immediately of 
graphical and other abstract representations essential to scientific understanding. 
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Energy; and Heat Energy. 
 
• In high school Chemistry, students learn about the properties of matter and how 
these properties help to organize elements on the periodic table. Students develop a 
better understanding of the structure of the atom. Students develop an understanding 
of chemical reactions, including the involvement of energy and sub-atomic particles, 
to better understand the nature of chemical changes. Students learn about chemical 
reactions that occur around us everyday as they learn about chemical reactions such 
as oxidation-reduction, combustion, and decomposition. Students also gain a deeper 
understanding of acids and bases, rates of reactions, and factors that affect those 
rates. From calculating stoichiometry problems and molar concentrations, students 
learn about proportionality and strengthen their mathematical skills. 
 
Learning standards for high school Chemistry fall under the following eight 
subtopics:  Properties of Matter; Atomic Structure and Nuclear Chemistry; 
Periodicity; Chemical Bonding; Chemical Reactions and Stoichiometry; States of 
Matter, Kinetic Molecular Theory, and Thermochemistry; Solutions, Rates of 
Reaction, and Equilibrium; and Acids and Bases and Oxidation-Reduction Reactions. 
 
• In high school Introductory Physics, students recognize the nature and scope of 
physics, including its relationship to the other sciences. Students learn about basic 
topics such as motion, forces, energy, heat, waves, electricity, and magnetism. They 
learn about natural phenomena by using physical laws to calculate quantities such as 
velocity, acceleration, momentum, and energy.  
 
Students of introductory physics learn about the relationships between motion and 
forces through Newton’s laws of motion. They study the difference between vector 
and scalar quantities and learn how to solve basic problems involving these 
quantities. Students learn about conservation of energy and momentum and how 
these are applied to everyday situations. They learn about heat and how thermal 
energy is transferred throughout the different phases of matter. Students extend their 
knowledge of waves and how they carry energy. Students gain a better understanding 
of electric current, voltage, and resistance by learning about Ohm’s law. They also 
gain knowledge about the electromagnetic spectrum in terms of wavelength and 
frequency. 
 
Learning standards for high school Introductory Physics fall under the following six 
subtopics:  Motion and Forces; Conservation of Energy and Momentum; Heat and 
Heat Transfer; Waves; Electromagnetism; and Electromagnetic Radiation. 
 
Physical Science learning standards are also grouped under Broad Topics in Appendix I, 
which highlights the relationships of standards among grade spans.  
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IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
  (Technology/Engineering standards for grades PreK–2 are on page 85.) 
Observable Properties of Objects 
Predict from looking at the shape 
of a simple tool or object what 
actions it might be used for (e.g., 
pliers, letter opener, 
paperweight). (T/E 1.2, 2.1)  
1. Sort objects by 
observable properties 
such as size, shape, color, 
weight, and texture.  
Manipulate, observe, compare, 
describe, and group objects found 
in the classroom, on the 
playground, and at home. 
States of Matter 
Ask students to bring in different 
types of containers from home. 
Discuss and demonstrate 
whether the containers are 
appropriate to hold solids and 
liquids (e.g., an unwaxed 
cardboard box will absorb water 
and eventually disintegrate while 
a glass bottle will not). (T/E 1.1, 
1.2)  
2. Identify objects and 
materials as solid, liquid, 
or gas. Recognize that 
solids have a definite 
shape and that liquids 
and gases take the shape 
of their container. 
Using transparent containers of 
very different shapes (e.g., 
cylinder, cone, cube) pour water 
from one container into another. 
Observe and discuss the 
“changing shape” of the water.  
Position and Motion of Objects 
Use a spinning toy (e.g., a top) to 
explore round-and-round motion 
and a rocking toy (e.g., a rocking 
horse) to explore back-and-forth 
motion. 
Using construction paper and 
glue, design a three-dimensional 
object that will roll in a straight 
line and a three-dimensional 
object that will roll around in a 
circle. (T/E 1.3, 2.1)  
3. Describe the various 
ways that objects can 
move, such as in a 
straight line, zigzag, 
back-and-forth, round-
and-round, fast, and 
slow. 
 4. Demonstrate that the 
way to change the 
motion of an object is to 
apply a force (give it a 
push or a pull). The 
greater the force, the 
greater the change in 
the motion of the object. 
Push and pull objects on a hard, 
smooth surface. Make predictions 
as to what directions they will 
move and how far they will go. 
Repeat using various surfaces 
(e.g., rough, soft).  
5. Recognize that under 
some conditions, objects 
can be balanced. 
Try to make a long thin 
rectangular block of wood stand 
upright on each face. Note that it 
stands (balances) very easily on 
some faces, but not on all.  
Design a lever, putting unequal 
weights on the ends of the 
balance board. Observe. Now 
find ways to restore the balance 
by moving the fulcrum, keeping 
each weight in the same place. 
Discuss what happens. (T/E 2.1) 
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IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
  (Technology/Engineering standards for grades 3–5 are on page 86.) 
Properties of Objects and Materials 
Given a variety of objects made of 
different materials, ask questions 
and make predictions about the 
hardness, flexibility, and strength 
of each. Test to see if the 
predictions were correct. (T/E 1.1) 
1. Differentiate between 
properties of objects 
(e.g., size, shape, weight) 
and properties of 
materials (e.g., color, 
texture, hardness). 
Gather a variety of solid objects. 
Collect data on properties of these 
objects, such as origin (human-
made or natural), weight (heavy, 
medium, light), length, odor, 
color, hardness, and flexibility. 
States of Matter 
Design one container for each 
state of matter, taking into 
account which material properties 
are important (e.g., size, shape, 
flexibility). (T/E 1.1, 2.3) 
2. Compare and contrast 
solids, liquids, and gases 
based on the basic 
properties of each of 
these states of matter. 
Design several stations, each of 
which demonstrates a state of 
matter (e.g., water table, balloon 
and fan table, sand and block 
table). 
Using given insulating materials, 
try to keep an ice cube from 
melting. (T/E 1.1) 
3. Describe how water can 
be changed from one 
state to another by 
adding or taking away 
heat. 
Do simple investigations to 
observe evaporation, condensation, 
freezing, and melting. Confirm that 
water expands upon freezing.  
Forms of Energy 
Design and construct a candle 
wheel that demonstrates how heat 
can cause a propeller to spin.  
(T/E 1.1, 1.2, 2.2, 2.3) 
4. Identify the basic forms 
of energy (light, sound, 
heat, electrical, and 
magnetic). Recognize 
that energy is the ability 
to cause motion or create 
change. 
Play music through a speaker with 
and without a grill cover. Discuss 
the differences in sound. 
5. Give examples of how 
energy can be 
transferred from one 
form to another. 
Rub two pieces of wood together 
(mechanical energy) and observe 
the change in temperature of the 
wood. 
Design and build a simple roller 
coaster for a marble or toy car to 
demonstrate how energy changes 
from one form to another.      
(T/E 2.2, 2.3) 
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IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
  (Technology/Engineering standards for grades 3–5 are on page 86.) 
Electrical Energy 
6. Recognize that 
electricity in circuits 
requires a complete loop 
through which an 
electrical current can 
pass, and that electricity 
can produce light, heat, 
and sound. 
 • Using graphic symbols, draw and 
label a simple electric circuit. (T/E 
2.2) 
• Using batteries, bulbs, and wires, 
build a series circuit. (T/E 1.2, 2.2) 
Select from a variety of materials 
(e.g., cloth, cardboard, Styrofoam, 
plastic) to design and construct a 
simple device (prototype) that 
could be used as an insulator. Do 
a simple test of its effectiveness. 
(T/E 1.1, 1.2, 2.2, 2.3) 
7. Identify and classify 
objects and materials 
that conduct electricity 
and objects and 
materials that are 
insulators of electricity. 
Provide a collection of materials 
that are good conductors and good 
insulators. Have students determine 
each material’s electrical 
conductivity by testing the material 
with a simple battery/bulb circuit. 
Make an electromagnet with a six-
volt battery, insulated wire, and a 
large nail. (T/E 1.2, 2.1, 2.2, 2.3) 
8. Explain how 
electromagnets can be 
made, and give examples 
of how they can be used. 
 
Magnetic Energy 
Design and build a magnetic 
device to sort steel from 
aluminum materials for 
recycling. (T/E 1.1) 
9. Recognize that magnets 
have poles that repel 
and attract each other. 
Balance ring magnets on a pencil. 
Note: The shape of a ring magnet 
obscures the locations of its poles.  
10. Identify and classify 
objects and materials 
that a magnet will 
attract and objects and 
materials that a magnet 
will not attract. 
Test a variety of materials with 
assorted magnets. Include samples 
of pure iron, magnetic steel, and 
non-magnetic metals in the 
materials tested. Mention the two 
other magnetic metals: pure cobalt 
and pure nickel.  Test a U.S. five-
cent coin to answer the question 
“Is a U.S. nickel coin made of 
pure nickel?” 
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IDEAS FOR DEVELOPING INVESTIGATIONS 
AND LEARNING EXPERIENCES 
SUGGESTED EXTENSIONS TO LEARNING 
IN TECHNOLOGY/ENGINEERING LEARNING STANDARD 
  (Technology/Engineering standards for grades 3–5 are on page 86.) 
Sound Energy 
Design and construct a simple 
telephone (prototype) using a 
variety of materials (e.g., paper 
cups, string, tin cans, wire). 
Determine which prototype 
works best and why. (T/E 1.1, 
1.2, 2.2, 2.3) 
11. Recognize that sound is 
produced by vibrating 
objects and requires a 
medium through which 
to travel. Relate the rate 
of vibration to the pitch 
of the sound. 
Use tuning forks to demonstrate 
the relationship between vibration 
and sound.  
Light Energy 
12. Recognize that light 
travels in a straight line 
until it strikes an object 
or travels from one 
medium to another, and 
that light can be 
reflected, refracted, and 
absorbed. 
Use a flashlight, mirrors, and 
water to demonstrate reflection 
and refraction. 
Design and build a prototype to 
inhibit solar heating of a car 
(e.g., windshield reflector, 
window tinting). (T/E 1.2, 2.1, 
2.3)  
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LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS  
AND LEARNING EXPERIENCES 
Properties of Matter 
1. Differentiate between weight and mass, 
recognizing that weight is the amount of 
gravitational pull on an object. 
Determine the weight of a dense object in air and in 
water. Explain how the results are related to the 
different definitions of mass and weight. 
2. Differentiate between volume and mass. 
Define density. 
 
3. Recognize that the measurement of volume 
and mass requires understanding of the 
sensitivity of measurement tools (e.g., 
rulers, graduated cylinders, balances) and 
knowledge and appropriate use of 
significant digits. 
Calculate the volumes of regular objects from 
linear measurements. Measure the volumes of the 
same objects by displacement of water. Use the 
metric system. Discuss the accuracy limits of 
these procedures and how these limits explain any 
observed differences between the calculated 
volumes and the measured volumes. 
4. Explain and give examples of how mass is 
conserved in a closed system. 
Melt, dissolve, and precipitate various substances 
to observe examples of the conservation of mass.  
Elements, Compounds, and Mixtures 
5. Recognize that there are more than 100 
elements that combine in a multitude of 
ways to produce compounds that make up 
all of the living and nonliving things that we 
encounter. 
Demonstrate with atomic models (e.g., ball and 
stick) how atoms can combine in a large number of 
ways. Explain why the number of combinations is 
large, but still limited. Also use the models to 
demonstrate the conservation of mass in the 
modeled chemical reactions. 
6. Differentiate between an atom (the smallest 
unit of an element that maintains the 
characteristics of that element) and a 
molecule (the smallest unit of a compound 
that maintains the characteristics of that 
compound). 
Use atomic models (or Lego blocks, assigning 
colors to various atoms) to build molecules of 
water, sodium chloride, carbon dioxide, ammonia, 
etc. 
7. Give basic examples of elements and 
compounds.  
Heat sugar in a crucible with an inverted funnel 
over it. Observe carbon residue and water vapor in 
the funnel as evidence of the breakdown of 
components. Continue heating the carbon residue 
to show that carbon residue does not decompose. 
Safety note: sugar melts at a very high temperature 
and can cause serious burns. 
8. Differentiate between mixtures and pure 
substances. 
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LEARNING STANDARD IDEAS FOR DEVELOPING INVESTIGATIONS  
AND LEARNING EXPERIENCES 
Elements, Compounds, and Mixtures (cont.) 
9. Recognize that a substance (element or 
compound) has a melting point and a 
boiling point, both of which are 
independent of the amount of the sample. 
 
10. Differentiate between physical changes and 
chemical changes. 
Demonstrate with molecular ball-and-stick models 
the physical change that converts liquid water into 
ice. Also demonstrate with molecular ball-and-stick 
models the chemical change that converts hydrogen 
peroxide into water and oxygen gas. 
Motion of Objects 
11. Explain and give examples of how the 
motion of an object can be described by its 
position, direction of motion, and speed.  
 
12. Graph and interpret distance vs. time 
graphs for constant speed. 
 
Forms of Energy 
13. Differentiate between potential and kinetic 
energy. Identify situations where kinetic 
energy is transformed into potential energy 
and vice versa. 
 
Heat Energy 
14. Recognize that heat is a form of energy and 
that temperature change results from 
adding or taking away heat from a system. 
 
15. Explain the effect of heat on particle motion 
through a description of what happens to 
particles during a change in phase. 
 
16. Give examples of how heat moves in 
predictable ways, moving from warmer 
objects to cooler ones until they reach 
equilibrium. 
Place a thermometer in a ball of clay and place this 
in an insulated cup filled with hot water. Record the 
temperature every minute. Then remove the 
thermometer and ball of clay and place them in an 
insulated cup of cold water that contains a second 
thermometer. Observe and record the changes in 
temperature on both thermometers. Explain the 
observations in terms of heat flow, including 
direction of heat flow and why it stops. 
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I .  C O N T E N T  S T A N D A R D S  
 
1. Properties of Matter 
Central Concept: Physical and chemical properties reflect the nature of the interactions between 
molecules or atoms, and can be used to classify and describe matter. 
 
1.1 Identify and explain physical properties (e.g., density, melting point, boiling point, conductivity, 
malleability) and chemical properties (e.g., the ability to form new substances). Distinguish 
between chemical and physical changes. 
1.2 Explain the difference between pure substances (elements and compounds) and mixtures. 
Differentiate between heterogeneous and homogeneous mixtures. 
1.3 Describe the three normal states of matter (solid, liquid, gas) in terms of energy, particle motion, 
and phase transitions. 
 
2. Atomic Structure and Nuclear Chemistry 
Central Concepts: Atomic models are used to explain atoms and help us understand the interaction of 
elements and compounds observed on a macroscopic scale. Nuclear chemistry deals with radioactivity, 
nuclear processes, and nuclear properties. Nuclear reactions produce tremendous amounts of energy and 
lead to the formation of elements. 
 
2.1 Recognize discoveries from Dalton (atomic theory), Thomson (the electron), Rutherford (the 
nucleus), and Bohr (planetary model of atom), and understand how each discovery leads to 
modern theory. 
2.2 Describe Rutherford’s “gold foil” experiment that led to the discovery of the nuclear atom. 
Identify the major components (protons, neutrons, and electrons) of the nuclear atom and 
explain how they interact. 
2.3 Interpret and apply the laws of conservation of mass, constant composition (definite proportions), 
and multiple proportions. 
2.4 Write the electron configurations for the first twenty elements of the periodic table. 
2.5 Identify the three main types of radioactive decay (alpha, beta, and gamma) and compare their 
properties (composition, mass, charge, and penetrating power). 
2.6 Describe the process of radioactive decay by using nuclear equations, and explain the concept of 
half-life for an isotope (for example, C-14 is a powerful tool in determining the age of objects). 
2.7 Compare and contrast nuclear fission and nuclear fusion. 
 
3. Periodicity 
Central Concepts: Repeating (periodic) patterns of physical and chemical properties occur among 
elements that define families with similar properties. The periodic table displays the repeating patterns, 
which are related to the atoms’ outermost electrons. 
 
3.1 Explain the relationship of an element’s position on the periodic table to its atomic number. 
Identify families (groups) and periods on the periodic table. 
3.2 Use the periodic table to identify the three classes of elements: metals, nonmetals, and metalloids. 
3.3 Relate the position of an element on the periodic table to its electron configuration and compare 
its reactivity to the reactivity of other elements in the table. 
3.4 Identify trends on the periodic table (ionization energy, electronegativity, and relative sizes of 
atoms and ions). 
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4. Chemical Bonding 
Central Concept: Atoms bond with each other by transferring or sharing valence electrons to form 
compounds. 
 
4.1 Explain how atoms combine to form compounds through both ionic and covalent bonding. 
Predict chemical formulas based on the number of valence electrons. 
4.2 Draw Lewis dot structures for simple molecules and ionic compounds.  
4.3 Use electronegativity to explain the difference between polar and nonpolar covalent bonds. 
4.4 Use valence-shell electron-pair repulsion theory (VSEPR) to predict the molecular geometry 
(linear, trigonal planar, and tetrahedral) of simple molecules.  
4.5 Identify how hydrogen bonding in water affects a variety of physical, chemical, and biological 
phenomena (e.g., surface tension, capillary action, density, boiling point). 
4.6 Name and write the chemical formulas for simple ionic and molecular compounds, including 
those that contain the polyatomic ions: ammonium, carbonate, hydroxide, nitrate, phosphate, 
and sulfate. 
 
5. Chemical Reactions and Stoichiometry 
Central Concepts: In a chemical reaction, one or more reactants are transformed into one or more new 
products. Chemical equations represent the reaction and must be balanced. The conservation of atoms in a 
chemical reaction leads to the ability to calculate the amount of products formed and reactants used 
(stoichiometry). 
 
5.1 Balance chemical equations by applying the laws of conservation of mass and constant 
composition (definite proportions). 
5.2 Classify chemical reactions as synthesis (combination), decomposition, single displacement 
(replacement), double displacement, and combustion. 
5.3 Use the mole concept to determine number of particles and molar mass for elements and 
compounds.  
5.4 Determine percent compositions, empirical formulas, and molecular formulas. 
5.5 Calculate the mass-to-mass stoichiometry for a chemical reaction. 
5.6 Calculate percent yield in a chemical reaction. 
 
6. States of Matter, Kinetic Molecular Theory, and Thermochemistry 
Central Concepts: Gas particles move independently of each other and are far apart. The behavior of gas 
particles can be modeled by the kinetic molecular theory. In liquids and solids, unlike gases, particles are 
close to each other. The driving forces of chemical reactions are energy and entropy. The reorganization 
of atoms in chemical reactions results in the release or absorption of heat energy. 
 
6.1 Using the kinetic molecular theory, explain the behavior of gases and the relationship between 
pressure and volume (Boyle’s law), volume and temperature (Charles’s law), pressure and 
temperature (Gay-Lussac’s law), and the number of particles in a gas sample (Avogadro’s 
hypothesis). Use the combined gas law to determine changes in pressure, volume, and 
temperature. 
6.2 Perform calculations using the ideal gas law. Understand the molar volume at 273 K and 1 
atmosphere (STP). 
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6. States of Matter, Kinetic Molecular Theory, and Thermochemistry (cont.) 
6.3 Using the kinetic molecular theory, describe and contrast the properties of gases, liquids, and 
solids. Explain, at the molecular level, the behavior of matter as it undergoes phase transitions. 
6.4 Describe the law of conservation of energy. Explain the difference between an endothermic 
process and an exothermic process. 
6.5 Recognize that there is a natural tendency for systems to move in a direction of disorder or 
randomness (entropy). 
 
7. Solutions, Rates of Reaction, and Equilibrium 
Central Concepts: Solids, liquids, and gases dissolve to form solutions. Rates of reaction and chemical 
equilibrium are dynamic processes that are significant in many systems (e.g., biological, ecological, 
geological). 
 
7.1 Describe the process by which solutes dissolve in solvents. 
7.2 Calculate concentration in terms of molarity. Use molarity to perform solution dilution and 
solution stoichiometry. 
7.3 Identify and explain the factors that affect the rate of dissolving (e.g., temperature, concentration, 
surface area, pressure, mixing). 
7.4 Compare and contrast qualitatively the properties of solutions and pure solvents (colligative 
properties such as boiling point and freezing point). 
7.5 Identify the factors that affect the rate of a chemical reaction (temperature, mixing, concentration, 
particle size, surface area, catalyst). 
7.6 Predict the shift in equilibrium when a system is subjected to a stress (LeChatelier’s principle) 
and identify the factors that can cause a shift in equilibrium (concentration, pressure, volume, 
temperature). 
 
8. Acids and Bases and Oxidation-Reduction Reactions 
Central Concepts: Acids and bases are important in numerous chemical processes that occur around us, 
from industrial procedures to biological ones, from the laboratory to the environment. Oxidation-
reduction reactions occur when one substance transfers electrons to another substance, and constitute a 
major class of chemical reactions. 
 
8.1 Define the Arrhenius theory of acids and bases in terms of the presence of hydronium and 
hydroxide ions in water and the Bronsted-Lowry theory of acids and bases in terms of proton 
donors and acceptors. 
8.2 Relate hydrogen ion concentrations to the pH scale and to acidic, basic, and neutral solutions. 
Compare and contrast the strengths of various common acids and bases (e.g., vinegar, baking 
soda, soap, citrus juice). 
8.3 Explain how a buffer works. 
8.4 Describe oxidation and reduction reactions and give some everyday examples, such as fuel 
burning and corrosion. Assign oxidation numbers in a reaction. 
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Scientific literacy can be achieved as students inquire about chemical phenomena. The curriculum should 
include substantial hands-on laboratory and field experiences, as appropriate, for students to develop and 
use scientific skills in chemistry, along with the inquiry skills listed below. 
 
SIS1. Make observations, raise questions, and formulate hypotheses. 
 
• Observe the world from a scientific perspective. 
• Pose questions and form hypotheses based on personal observations, scientific articles, 
experiments, and knowledge. 
• Read, interpret, and examine the credibility and validity of scientific claims in different sources of 
information, such as scientific articles, advertisements, or media stories. 
 
SIS2. Design and conduct scientific investigations. 
 
• Articulate and explain the major concepts being investigated and the purpose of an investigation. 
• Select required materials, equipment, and conditions for conducting an experiment. 
• Identify independent and dependent variables. 
• Write procedures that are clear and replicable. 
• Employ appropriate methods for accurately and consistently 
o making observations 
o making and recording measurements at appropriate levels of precision 
o collecting data or evidence in an organized way 
• Properly use instruments, equipment, and materials (e.g., scales, probeware, meter sticks, 
microscopes, computers) including set-up, calibration (if required), technique, maintenance, and 
storage. 
• Follow safety guidelines.  
 
SIS3. Analyze and interpret results of scientific investigations. 
 
• Present relationships between and among variables in appropriate forms. 
o Represent data and relationships between and among variables in charts and graphs. 
o Use appropriate technology (e.g., graphing software) and other tools. 
• Use mathematical operations to analyze and interpret data results.  
• Assess the reliability of data and identify reasons for inconsistent results, such as sources of error 
or uncontrolled conditions. 
• Use results of an experiment to develop a conclusion to an investigation that addresses the initial 
questions and supports or refutes the stated hypothesis. 
• State questions raised by an experiment that may require further investigation. 
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SIS4. Communicate and apply the results of scientific investigations. 
 
• Develop descriptions of and explanations for scientific concepts that were a focus of one or more 
investigations. 
• Review information, explain statistical analysis, and summarize data collected and analyzed as 
the result of an investigation. 
• Explain diagrams and charts that represent relationships of variables. 
• Construct a reasoned argument and respond appropriately to critical comments and questions. 
• Use language and vocabulary appropriately, speak clearly and logically, and use appropriate 
technology (e.g., presentation software) and other tools to present findings. 
• Use and refine scientific models that simulate physical processes or phenomena. 
 
 
I I I .  M A T H E M A T I C A L  S K I L L S  
 
Students are expected to know the content of the Massachusetts Mathematics Curriculum Framework, 
through grade 8. Below are some specific skills from the Mathematics Framework that students in this 
course should have the opportunity to apply: 
 
? Construct and use tables and graphs to interpret data sets. 
? Solve simple algebraic expressions. 
? Perform basic statistical procedures to analyze the center and spread of data. 
? Measure with accuracy and precision (e.g., length, volume, mass, temperature, time) 
? Convert within a unit (e.g., centimeters to meters). 
? Use common prefixes such as milli-, centi-, and kilo-. 
? Use scientific notation, where appropriate. 
? Use ratio and proportion to solve problems. 
 
The following skills are not detailed in the Mathematics Framework, but are necessary for a solid 
understanding in this course: 
 
? Determine the correct number of significant figures. 
? Determine percent error from experimental and accepted values. 
? Use appropriate metric/standard international (SI) units of measurement for mass (g); length 
(cm); and time (s). 
? Use the Celsius and Kelvin scales. 
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I .  C O N T E N T  S T A N D A R D S  
 
1. Motion and Forces 
Central Concept: Newton’s laws of motion and gravitation describe and predict the motion of most 
objects. 
 
1.1 Compare and contrast vector quantities (e.g., displacement, velocity, acceleration force, linear 
momentum) and scalar quantities (e.g., distance, speed, energy, mass, work). 
1.2 Distinguish between displacement, distance, velocity, speed, and acceleration. Solve problems 
involving displacement, distance, velocity, speed, and constant acceleration. 
1.3 Create and interpret graphs of 1-dimensional motion, such as position vs. time, distance vs. time, 
speed vs. time, velocity vs. time, and acceleration vs. time where acceleration is constant. 
1.4 Interpret and apply Newton’s three laws of motion. 
1.5 Use a free-body force diagram to show forces acting on a system consisting of a pair of 
interacting objects. For a diagram with only co-linear forces, determine the net force acting on a 
system and between the objects. 
1.6 Distinguish qualitatively between static and kinetic friction, and describe their effects on the 
motion of objects. 
1.7 Describe Newton’s law of universal gravitation in terms of the attraction between two objects, 
their masses, and the distance between them. 
1.8 Describe conceptually the forces involved in circular motion. 
 
2. Conservation of Energy and Momentum 
Central Concept: The laws of conservation of energy and momentum provide alternate approaches to 
predict and describe the movement of objects. 
 
2.1 Interpret and provide examples that illustrate the law of conservation of energy. 
2.2 Interpret and provide examples of how energy can be converted from gravitational potential 
energy to kinetic energy and vice versa. 
2.3 Describe both qualitatively and quantitatively how work can be expressed as a change in 
mechanical energy.  
2.4 Describe both qualitatively and quantitatively the concept of power as work done per unit time.  
2.5 Provide and interpret examples showing that linear momentum is the product of mass and 
velocity, and is always conserved (law of conservation of momentum). Calculate the 
momentum of an object. 
 
3. Heat and Heat Transfer 
Central Concept: Heat is energy that is transferred by the processes of convection, conduction, and 
radiation between objects or regions that are at different temperatures. 
 
3.1 Explain how heat energy is transferred by convection, conduction, and radiation. 
3.2 Explain how heat energy will move from a higher temperature to a lower temperature until 
equilibrium is reached. 
3.3 Describe the relationship between average molecular kinetic energy and temperature. Recognize 
that energy is absorbed when a substance changes from a solid to a liquid to a gas, and that 
energy is released when a substance changes from a gas to a liquid to a solid. Explain the 
relationships among evaporation, condensation, cooling, and warming. 
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3. Heat and Heat Transfer (cont.) 
3.4 Explain the relationships among temperature changes in a substance, the amount of heat 
transferred, the amount (mass) of the substance, and the specific heat of the substance. 
 
4. Waves 
Central Concept: Waves carry energy from place to place without the transfer of matter. 
 
4.1 Describe the measurable properties of waves (velocity, frequency, wavelength, amplitude, period) 
and explain the relationships among them. Recognize examples of simple harmonic motion. 
4.2 Distinguish between mechanical and electromagnetic waves. 
4.3 Distinguish between the two types of mechanical waves, transverse and longitudinal. 
4.4 Describe qualitatively the basic principles of reflection and refraction of waves. 
4.5 Recognize that mechanical waves generally move faster through a solid than through a liquid and 
faster through a liquid than through a gas. 
4.6 Describe the apparent change in frequency of waves due to the motion of a source or a receiver 
(the Doppler effect). 
 
5. Electromagnetism 
Central Concept: Stationary and moving charged particles result in the phenomena known as electricity 
and magnetism. 
 
5.1 Recognize that an electric charge tends to be static on insulators and can move on and in 
conductors. Explain that energy can produce a separation of charges. 
5.2 Develop qualitative and quantitative understandings of current, voltage, resistance, and the 
connections among them (Ohm’s law). 
5.3 Analyze simple arrangements of electrical components in both series and parallel circuits. 
Recognize symbols and understand the functions of common circuit elements (battery, 
connecting wire, switch, fuse, resistance) in a schematic diagram. 
5.4 Describe conceptually the attractive or repulsive forces between objects relative to their charges 
and the distance between them (Coulomb’s law). 
5.5 Explain how electric current is a flow of charge caused by a potential difference (voltage), and 
how power is equal to current multiplied by voltage. 
5.6 Recognize that moving electric charges produce magnetic forces and moving magnets produce 
electric forces. Recognize that the interplay of electric and magnetic forces is the basis for 
electric motors, generators, and other technologies. 
 
6. Electromagnetic Radiation 
Central Concept: Oscillating electric or magnetic fields can generate electromagnetic waves over a wide 
spectrum. 
 
6.1 Recognize that electromagnetic waves are transverse waves and travel at the speed of light 
through a vacuum. 
6.2 Describe the electromagnetic spectrum in terms of frequency and wavelength, and identify the 
locations of radio waves, microwaves, infrared radiation, visible light (red, orange, yellow, 
green, blue, indigo, and violet), ultraviolet rays, x-rays, and gamma rays on the spectrum. 
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I I .  S C I E N T I F I C  I N Q U I R Y  S K I L L S  S T A N D A R D S  
 
Scientific literacy can be achieved as students inquire about the physical world. The curriculum should 
include substantial hands-on laboratory and field experiences, as appropriate, for students to develop and 
use scientific skills in introductory physics, along with the inquiry skills listed below. 
 
SIS1. Make observations, raise questions, and formulate hypotheses. 
 
• Observe the world from a scientific perspective. 
• Pose questions and form hypotheses based on personal observations, scientific articles, 
experiments, and knowledge. 
• Read, interpret, and examine the credibility and validity of scientific claims in different sources of 
information, such as scientific articles, advertisements, or media stories. 
 
SIS2. Design and conduct scientific investigations. 
 
• Articulate and explain the major concepts being investigated and the purpose of an investigation. 
• Select required materials, equipment, and conditions for conducting an experiment. 
• Identify independent and dependent variables. 
• Write procedures that are clear and replicable. 
• Employ appropriate methods for accurately and consistently  
o making observations 
o making and recording measurements at appropriate levels of precision 
o collecting data or evidence in an organized way 
• Properly use instruments, equipment, and materials (e.g., scales, probeware, meter sticks, 
microscopes, computers) including set-up, calibration (if required), technique, maintenance, and 
storage. 
• Follow safety guidelines. 
 
SIS3. Analyze and interpret results of scientific investigations. 
 
• Present relationships between and among variables in appropriate forms. 
o Represent data and relationships between and among variables in charts and graphs. 
o Use appropriate technology (e.g., graphing software) and other tools. 
• Use mathematical operations to analyze and interpret data results.  
• Assess the reliability of data and identify reasons for inconsistent results, such as sources of error 
or uncontrolled conditions. 
• Use results of an experiment to develop a conclusion to an investigation that addresses the initial 
questions and supports or refutes the stated hypothesis. 
• State questions raised by an experiment that may require further investigation. 
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SIS4. Communicate and apply the results of scientific investigations. 
 
• Develop descriptions of and explanations for scientific concepts that were a focus of one or more 
investigations. 
• Review information, explain statistical analysis, and summarize data collected and analyzed as 
the result of an investigation. 
• Explain diagrams and charts that represent relationships of variables. 
• Construct a reasoned argument and respond appropriately to critical comments and questions. 
• Use language and vocabulary appropriately, speak clearly and logically, and use appropriate 
technology (e.g., presentation software) and other tools to present findings. 
• Use and refine scientific models that simulate physical processes or phenomena. 
 
 
I I I .  M A T H E M A T I C A L  S K I L L S  
 
Students are expected to know the content of the Massachusetts Mathematics Curriculum Framework, 
through grade 8. Below are some specific skills from the Mathematics Framework that students in this 
course should have the opportunity to apply: 
 
? Construct and use tables and graphs to interpret data sets. 
? Solve simple algebraic expressions. 
? Perform basic statistical procedures to analyze the center and spread of data. 
? Measure with accuracy and precision (e.g., length, volume, mass, temperature, time) 
? Convert within a unit (e.g., centimeters to meters). 
? Use common prefixes such as milli-, centi-, and kilo-. 
? Use scientific notation, where appropriate. 
? Use ratio and proportion to solve problems. 
 
The following skills are not detailed in the Mathematics Framework, but are necessary for a solid 
understanding in this course: 
 
? Determine the correct number of significant figures. 
? Determine percent error from experimental and accepted values. 
? Use appropriate metric/standard international (SI) units of measurement for mass (kg); length 
(m); time (s); force (N); speed (m/s); acceleration (m/s2); frequency (Hz); work and energy (J); 
power (W); momentum (kg•m/s); electric current (A); electric potential difference/voltage (V); 
and electric resistance (Ω). 
? Use the Celsius and Kelvin scales. 
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Accelerating Cars 
 
Introductory Physics, High School 
 
Acceleration is a concept Ms. Luke chooses to teach students early in her introductory physics class. 
Many students are aware that acceleration means that an object moves faster, but Ms. Luke has found that 
students often have difficulty articulating how to measure acceleration and graphically relating 
acceleration to changes in speed. She decides to teach these concepts by using something with which all 
her students are familiar; cars. 
 
In an opening dialog, Ms. Luke and her students together define speed and velocity, and how they are 
calculated. They then move on to the more challenging concept of acceleration, including deceleration, no 
acceleration, and constant acceleration. Ms. Luke asks, “How can you tell something is accelerating?” 
One student quickly mentions using a speedometer. Another student mentions “that thing that measures 
how fast you walk,” which Ms. Luke identifies as a pedometer. “How can you use a speedometer, for 
example, to measure acceleration?” she asks. “Or, if you didn’t have an speedometer or pedometer, how 
would you know that the object is accelerating?” 
 
After listening to student responses, without accepting or dismissing any of them, Ms. Luke proposes that 
the class go outside to observe whether cars that drive by the front of the school build up speed, slow 
down, or maintain a constant speed over a given distance. With the data students collect, they will relate 
what they see and hear to a graph of each car’s speed and an analysis of its acceleration. 
 
The students are organized into small groups. Each group stands on the sidewalk along a stretch of road 
identified by Ms. Luke, separated from the next group by twenty meters. Ms. Luke has already marked 
off 20-meter increments. She has chosen to use a strip of road that begins at the stop sign in front of the 
school and includes the downward sloping hill beyond. Here she knows her students will have a good 
opportunity to observe different rates of speed and acceleration. The students are equipped with 
stopwatches and their lab notebooks. Each group knows to measure and record the time it takes a car to 
travel from the stop sign to their position. They are also instructed to record observations of each car 
while it is in their assigned zone, including the sound of its engine and whether the brake lights are on. 
The groups record data for five cars identified by Ms. Luke before going back into class to work through 
their calculations, graph their data, and answer the key questions of the activity. 
 
Upon reentering the classroom, the students record their data on the board. Ms. Luke asks one student to 
demonstrate how to calculate the speed of one car, within that student’s assigned zone, using the data 
from the student’s group plus the data of the group positioned just uphill of them. Each group then 
records the speed of each car in their zone on a class chart for everyone to see. Ms. Luke also asks 
students to relate these calculations to their observations of the cars. Ms. Luke then asks her students to 
consider, “What does the graph of the speed of each car over the entire stretch of road look like?” She has 
each student make a position vs. time graph and a velocity vs. time graph for each car. Ms. Luke has the 
students annotate each graph with their observations of that car. From these graphs the class compares 
change in speed for the cars relative to each other. 
 
Ms. Luke then asks the class to focus on the speed vs. time graph of the first car, which she projects for 
everyone to see. They notice that the points on the graph do not form a continuous straight line across the 
grid, but instead go up, straight across, and then down slightly in the last segment. “What does this 
mean?” she asks. “It means that the car sped up and slowed down,” offers one student. “It means that the  
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car accelerated from here to here,” another student points out on the graph, “but then it stopped speeding 
up from here to here.” She asks the students to confirm this against their observations of the car. 
 
Ms. Luke then says to the class, “Determine if each car accelerated, decelerated, or showed no 
acceleration over any period of time. If a car did accelerate or decelerate at some time, did it keep doing 
so at the same rate?” 
 
Finally, Ms. Luke instructs the students to circle and notate the places on each graph where that car 
possibly accelerated, decelerated, or showed no acceleration. To quantify the areas circled, she has the 
students calculate the acceleration from one zone to the next, pointing out that a negative result means 
that the car slowed down or decelerated, and a zero result means that the car maintained its speed. Ms. 
Luke also instructs her students to look for instances where the acceleration is the same for two or more 
adjacent places on the graph, and to label those instances as constant acceleration. 
 
Assessment Strategies 
• Students should pay particular attention to the construction and labeling of graphs. They should 
use units appropriately throughout their work. 
• Students can write out a scenario that aligns with the changes in speeds on the graphs they have 
created themselves. Students should properly use the terms “speed,” “velocity,” “acceleration,” 
“deceleration,” “no acceleration,” and “constant acceleration” in their scenarios. 
• As a follow-up assignment, the students can create a data chart that includes distance, time, and 
speed of a fictitious vehicle. With this data, they create a speed vs. time graph. Their data must 
show acceleration, deceleration, no acceleration, and constant acceleration on their graph. They 
should also calculate acceleration. 
 
Introductory Physics Learning Standards 
High School 
1.1 Compare and contrast vector quantities (e.g., displacement, velocity, acceleration, force, linear 
momentum) and scalar quantities (e.g., distance, speed, energy, mass, work). 
1.2 Distinguish between displacement, distance, velocity, speed, and acceleration. Solve problems 
involving displacement, distance, velocity, speed and constant acceleration. 
1.3 Create and interpret graphs of 1-dimensional motion, such as position vs. time, distance vs. time, 
speed vs. time, velocity vs. time, and acceleration vs. time where acceleration is constant. 
 
Scientific Inquiry Skills Standards that apply 
High School 
SIS2. Design and conduct scientific investigations. 
• Employ appropriate methods for accurately and consistently 
o making observations 
o making and recording measurements at appropriate levels of precision 
o collecting data or evidence in an organized way 
SIS3. Analyze and interpret results of scientific investigations. 
• Use mathematical operations to analyze and interpret data results. 
SIS4. Communicate and apply the results of scientific investigations. 
• Explain diagrams and charts that represent relationships of variables. 
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Technology/engineering works in conjunction with science to expand our capacity to 
understand the world. Science investigates the natural world. The goal of engineering is to 
solve practical problems through the development or use of technologies, based on the 
scientific knowledge gained through investigation. 
 
For example, the planning, design, and construction of the Central Artery Tunnel project in 
Boston (the “Big Dig”) was a complex and technologically challenging project that drew on 
knowledge of earth science and physics, as well as on construction and transportation 
technologies. Scientists and engineers apply scientific knowledge of light to develop lasers, 
fiber optic technologies, and other technologies in medical imaging. They also apply this 
scientific knowledge to develop such modern communications technologies as telephones, 
fax machines, and electronic mail. 
 
 
The Relationships Among Science, Engineering, and Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although the term technology is often used by itself to describe the educational application of 
computers in a classroom, computers and instructional tools that use computers are only a 
few of the many technological innovations in use today. The focus of this 
Technology/Engineering strand is on applied technologies such as engineering design, 
construction, and transportation, not on instructional technology such as computer 
applications for classrooms. 
 
Technologies developed through engineering include the systems that provide our houses 
with water and heat; roads, bridges, tunnels, and the cars that we drive; airplanes and 
spacecraft; cellular phones, televisions, and computers; many of today’s toys; and systems 
that create special effects in movies. Each of these came about as the result of recognizing a 
SCIENCE 
Engineers use 
scientific 
discoveries to 
design products 
and processes 
that meet 
society’s needs. 
Science seeks 
to understand 
the natural 
world, and often 
needs new tools 
to help discover 
the answers. 
Technologies (products and processes) are the 
result of engineered designs. They are created by 
technicians to solve societal needs and wants. 
ENGINEERING 
TECHNOLOGY 
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 need or problem and creating a technological solution using the engineering design process, 
as illustrated in the figure on page 84. Beginning in the early grades and continuing through 
high school, students carry out this design process in ever more sophisticated ways. As they 
gain more experience and knowledge, they are able to draw on other disciplines, especially 
mathematics and science, to understand and solve problems. 
 
• Even before entering grades PreK–2, students are experienced technology users. 
Their natural curiosity about how things work is clear to any adult who has ever 
watched a child doggedly work to improve the design of a paper airplane, or to take 
apart a toy to explore its insides. They are also natural engineers and inventors, 
builders of sandcastles at the beach and forts under furniture. Most students in grades 
PreK–2 are fascinated with technology. While learning the safe uses of tools and 
materials that underlie engineering solutions, PreK–2 students are encouraged to 
manipulate materials that enhance their three-dimensional visualization skills–an 
essential component of the ability to design. They identify and describe 
characteristics of natural and humanmade materials and their possible uses, and 
identify uses of basic tools and materials (e.g., glue, scissors, tape, ruler, paper, 
toothpicks, straws, spools). In addition, PreK–2 students learn to identify tools and 
simple machines used for specific purposes (e.g., ramp, wheel, pulley, lever). They 
also learn to describe how human beings use parts of the body as tools. 
 
Learning standards for PreK–2 fall under the following two subtopics:  Materials and 
Tools; and Engineering Design. 
 
• Students in grades 3–5 learn how appropriate materials, tools, and machines extend 
our ability to solve problems and invent. They identify materials used to accomplish 
a design task based on the materials’ specific properties, and explain which materials 
and tools are appropriate to construct a given prototype. They achieve a higher level 
of engineering design skill by recognizing a need or problem, learning different ways 
that the problem can be represented, and working with a variety of materials and 
tools to create a product or system to address the problem. 
 
Learning standards for grades 3–5 fall under the following two subtopics:  Materials 
and Tools; and Engineering Design. 
 
• In grades 6–8, students pursue engineering questions and technological solutions that 
emphasize research and problem solving. They identify and understand the five 
elements of a technology system (goal, inputs, processes, outputs, and feedback). 
They acquire basic safety skills in the use of hand tools, power tools, and machines. 
They explore engineering design; materials, tools, and machines; and 
communication, manufacturing, construction, transportation, and bioengineering 
technologies. Starting in grades 6–8 and extending through grade 10, the topics of 
power and energy are incorporated into the study of most areas of technology. Grades 
6–8 students use knowledge acquired in their mathematics and science curricula to 
understand engineering. They achieve a more advanced level of skill in engineering 
design by learning to conceptualize a problem, design prototypes in three dimensions, 
and use hand and power tools to construct their prototypes, test their prototypes, and 
make modifications as necessary. The culmination of the engineering design 
experience is the development and delivery of an engineering presentation. Because 
of the hands-on, active nature of the technology/engineering environment, it is 
strongly recommended that it be taught by teachers who are certified in technology 
education, and who are very familiar with the safe use of tools and machines. 
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Learning standards for grades 6–8 fall under the following seven subtopics:  
Materials, Tools, and Machines; Engineering Design; Communication Technologies; 
Manufacturing Technologies; Construction Technologies; Transportation 
Technologies; and Bioengineering Technologies. 
 
• In high school, students develop their ability to solve problems in 
technology/engineering using mathematical and scientific concepts. High school 
students are able to relate concepts and principles they have learned in science with 
knowledge gained in the study of technology/engineering. For example, a well-
rounded understanding of energy and power equips students to tackle such issues as 
the ongoing problems associated with energy supply and energy conservation. 
 
In a high school technology/engineering course, students pursue engineering 
questions and technological solutions that emphasize research and problem solving. 
They achieve a more advanced level of skill in engineering design by learning how to 
conceptualize a problem, develop possible solutions, design and build prototypes or 
models, test the prototypes or models, and make modifications as necessary. 
Throughout the process of engineering design, high school students are able to work 
safely with hand and/or power tools, various materials and equipment, and other 
resources. In high school, courses in technology/engineering should be taught by 
teachers who are certified in that discipline and who are familiar with the safe use of 
tools and machines. 
 
Learning standards for high school fall under the following seven subtopics:  
Engineering Design; Construction Technologies; Energy and Power Technologies—
Fluid Systems; Energy and Power Technologies—Thermal Systems; Energy and 
Power Technologies—Electrical Systems; Communication Technologies; and 
Manufacturing Technologies. 
 
Technology/Engineering learning standards are also grouped under Broad Topics in 
Appendix I, which highlights the relationships of standards among grade spans.. 
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Steps of the Engineering Design Process 
Step 1 
Identify the Need 
or Problem 
Step 2 
Research the 
Need or Problem 
Step 3 
Develop Possible 
Solution(s) 
Step 4 
Select the Best 
Possible Solution(s) 
Step 5 
Construct a 
Prototype 
Step 6 
Test and Evaluate 
the Solution(s) 
Step 7 
Communicate the 
Solution(s) 
Step 8 
Redesign 
 
 
1. Identify the need or problem  
2. Research the need or problem 
• Examine the current state of the 
issue and current solutions 
• Explore other options via the 
Internet, library, interviews, etc. 
3. Develop possible solution(s) 
• Brainstorm possible solution(s) 
• Draw on mathematics and 
science 
• Articulate the possible 
solution(s) in two and three 
dimensions 
• Refine the possible solution(s) 
4. Select the best possible solution(s) 
• Determine which solution(s) 
best meet(s) the original need or 
solve(s) the original problem 
5. Construct a prototype  
• Model the selected solution(s) in 
two and three dimensions 
6. Test and evaluate the solution(s) 
• Does it work? 
• Does it meet the original design 
constraints? 
7. Communicate the solution(s) 
• Make an engineering presentation 
that includes a discussion of how the 
solution(s) best meet(s) the initial 
need or the problem 
• Discuss societal impact and 
tradeoffs of the solution(s) 
8. Redesign  
• Overhaul the solution(s) based on 
information gathered during the 
tests and presentation 
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Please note: Suggested extensions to learning in technology/engineering for grades PreK–2 are listed with the 
science learning standards. See pages 25 (Earth and Space Science), 44–45 (Life Science), and 63 (Physical 
Sciences). 
 
LEARNING STANDARDS 
 
1.  Materials and Tools 
Central Concept: Materials both natural and human-made have specific characteristics that determine 
how they will be used. 
 
1.1 Identify and describe characteristics of natural materials (e.g., wood, cotton, fur, wool) and 
human-made materials (e.g., plastic, Styrofoam). 
1.2 Identify and explain some possible uses for natural materials (e.g., wood, cotton, fur, wool) 
and human-made materials (e.g., plastic, Styrofoam). 
1.3 Identify and describe the safe and proper use of tools and materials (e.g., glue, scissors, 
tape, ruler, paper, toothpicks, straws, spools) to construct simple structures. 
 
2.  Engineering Design 
Central Concept: Engineering design requires creative thinking and consideration of a variety of ideas to 
solve practical problems. 
 
2.1 Identify tools and simple machines used for a specific purpose, e.g., ramp, wheel, pulley, 
lever. 
2.2 Describe how human beings use parts of the body as tools (e.g., teeth for cutting, hands for 
grasping and catching), and compare their use with the ways in which animals use those 
parts of their bodies. 
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Please note: Suggested extensions to learning in technology/engineering for grades 3–5 are listed with the science 
learning standards. See pages 26–29 (Earth and Space Science), 46–49 (Life Science), and 64–66 (Physical 
Sciences). 
 
LEARNING STANDARDS 
 
1.  Materials and Tools 
Central Concept: Appropriate materials, tools, and machines extend our ability to solve problems and 
invent. 
 
1.1 Identify materials used to accomplish a design task based on a specific property, e.g., 
strength, hardness, and flexibility. 
1.2 Identify and explain the appropriate materials and tools (e.g., hammer, screwdriver, pliers, 
tape measure, screws, nails, and other mechanical fasteners) to construct a given 
prototype safely. 
1.3 Identify and explain the difference between simple and complex machines, e.g., hand can 
opener that includes multiple gears, wheel, wedge, gear, and lever. 
 
2.  Engineering Design 
Central Concept: Engineering design requires creative thinking and strategies to solve practical problems 
generated by needs and wants. 
 
2.1 Identify a problem that reflects the need for shelter, storage, or convenience. 
2.2 Describe different ways in which a problem can be represented, e.g., sketches, diagrams, 
graphic organizers, and lists. 
2.3 Identify relevant design features (e.g., size, shape, weight) for building a prototype of a 
solution to a given problem. 
2.4 Compare natural systems with mechanical systems that are designed to serve similar 
purposes, e.g., a bird’s wings as compared to an airplane’s wings. 
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Please note: The number(s) in parentheses following each suggested learning activity refer to the related grades 6–8 
Technology/Engineering learning standard(s). 
 
LEARNING STANDARDS SUGGESTED LEARNING ACTIVITIES 
1.  Materials, Tools, and Machines 
Central Concept: Appropriate materials, tools, and machines enable us to solve problems, invent, and 
construct.  
1.1 Given a design task, identify appropriate materials (e.g., 
wood, paper, plastic, aggregates, ceramics, metals, 
solvents, adhesives) based on specific properties and 
characteristics (e.g., strength, hardness, and 
flexibility). 
1.2 Identify and explain appropriate measuring tools, hand 
tools, and power tools used to hold, lift, carry, fasten, 
and separate, and explain their safe and proper use. 
1.3 Identify and explain the safe and proper use of 
measuring tools, hand tools, and machines (e.g., band 
saw, drill press, sander, hammer, screwdriver, pliers, 
tape measure, screws, nails, and other mechanical 
fasteners) needed to construct a prototype of an 
engineering design. 
• Conduct tests for strength, hardness, 
and flexibility of various materials 
(e.g., wood, paper, plastic, ceramics, 
metals). (1.1) 
• Design and build a catapult that will 
toss a marshmallow. (1.1, 1.2, 1.3) 
• Use a variety of hand tools and 
machines to change materials into 
new forms through the external 
processes of forming, separating, and 
combining, and through processes 
that cause internal change(s) to occur. 
(1.2) 
2.  Engineering Design 
Central Concept: Engineering design is an iterative process that involves modeling and optimizing to 
develop technological solutions to problems within given constraints. 
2.1 Identify and explain the steps of the engineering design 
process, i.e., identify the need or problem, research 
the problem, develop possible solutions, select the best 
possible solution(s), construct a prototype, test and 
evaluate, communicate the solution(s), and redesign.  
2.2 Demonstrate methods of representing solutions to a 
design problem, e.g., sketches, orthographic 
projections, multiview drawings. 
2.3 Describe and explain the purpose of a given prototype. 
• Given a prototype, design a test to 
evaluate whether it meets the design 
specifications. (2.1) 
• Using test results, modify the 
prototype to optimize the solution 
(i.e., bring the design closer to 
meeting the design constraints). (2.1) 
• Communicate the results of an 
engineering design through a 
coherent written, oral, or visual 
presentation. (2.1) 2.4 Identify appropriate materials, tools, and machines 
needed to construct a prototype of a given engineering 
design.  
2.5 Explain how such design features as size, shape, weight, 
function, and cost limitations would affect the 
construction of a given prototype. 
2.6 Identify the five elements of a universal systems model: 
goal, inputs, processes, outputs, and feedback. 
• Develop plans, including drawings 
with measurements and details of 
construction, and construct a model 
of the solution to a problem, 
exhibiting a degree of craftsmanship. 
(2.2) 
 
 Massachusetts Science and Technology/Engineering Curriculum Framework, October 2006 87 
 Technology/Engineering, Grades 6–8 
 
LEARNING STANDARDS SUGGESTED LEARNING ACTIVITIES 
3.  Communication Technologies 
Central Concept: Ideas can be communicated though engineering drawings, written reports, and pictures.  
3.1 Identify and explain the components of a 
communication system, i.e., source, encoder, 
transmitter, receiver, decoder, storage, retrieval, and 
destination. 
3.2 Identify and explain the appropriate tools, machines, 
and electronic devices (e.g., drawing tools, computer-
aided design, and cameras) used to produce and/or 
reproduce design solutions (e.g., engineering 
drawings, prototypes, and reports). 
3.3 Identify and compare communication technologies and 
systems, i.e., audio, visual, printed, and mass 
communication. 
 
3.4 Identify and explain how symbols and icons (e.g., 
international symbols and graphics) are used to 
communicate a message. 
4.  Manufacturing Technologies 
Central Concept: Manufacturing is the process of converting raw materials (primary process) into 
physical goods (secondary process), involving multiple industrial processes (e.g., assembly, multiple 
stages of production, quality control).  
4.1 Describe and explain the manufacturing systems of 
custom and mass production. 
 
4.2 Explain and give examples of the impacts of 
interchangeable parts, components of mass-produced 
products, and the use of automation, e.g., robotics. 
4.3 Describe a manufacturing organization, e.g., corporate 
structure, research and development, production, 
marketing, quality control, distribution. 
4.4 Explain basic processes in manufacturing systems, e.g., 
cutting, shaping, assembling, joining, finishing, 
quality control, and safety. 
5.  Construction Technologies 
Central Concept: Construction technology involves building structures in order to contain, shelter, 
manufacture, transport, communicate, and provide recreation. 
5.1 Describe and explain parts of a structure, e.g., 
foundation, flooring, decking, wall, roofing systems. 
5.2 Identify and describe three major types of bridges (e.g., 
arch, beam, and suspension) and their appropriate 
uses (e.g., site, span, resources, and load).  
Design and construct a bridge 
following specified design criteria 
(e.g., size, materials used). Test the 
design for durability and structural 
stability. (5.3) 
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LEARNING STANDARDS SUGGESTED LEARNING ACTIVITIES 
5.  Construction Technologies (cont.) 
5.3 Explain how the forces of tension, compression, torsion, 
bending, and shear affect the performance of bridges. 
5.4 Describe and explain the effects of loads and structural 
shapes on bridges. 
 
6.  Transportation Technologies 
Central Concept: Transportation technologies are systems and devices that move goods and people from 
one place to another across or through land, air, water, or space. 
6.1 Identify and compare examples of transportation 
systems and devices that operate on or in each of the 
following: land, air, water, and space. 
• Design a model vehicle (with a safety 
belt restraint system and crush zones 
to absorb impact) to carry a raw egg 
as a passenger. (6.1) 
6.2 Given a transportation problem, explain a possible 
solution using the universal systems model. 
6.3 Identify and describe three subsystems of a 
transportation vehicle or device, i.e., structural, 
propulsion, guidance, suspension, control, and 
support. 
6.4 Identify and explain lift, drag, friction, thrust, and 
gravity in a vehicle or device, e.g., cars, boats, 
airplanes, rockets. 
• Design and construct a magnetic 
levitation vehicle (e.g., as used in the 
monorail system). Discuss the 
vehicle’s benefits and trade-offs. (6.2) 
• Conduct a group discussion of the 
major technologies in transportation. 
Divide the class into small groups and 
discuss how the major technologies 
might affect future design of a 
transportation mode. After the group 
discussions, ask the students to draw 
a design of a future transportation 
mode (car, bus, train, plane, etc.). 
Have the students present their 
vehicle designs to the class, including 
discussion of the subsystems used. 
(6.1, 6.3) 
 
7.  Bioengineering Technologies 
Central Concept: Bioengineering technologies explore the production of mechanical devices, products, 
biological substances, and organisms to improve health and/or contribute improvements to our daily lives. 
7.1 Explain examples of adaptive or assistive devices, e.g., 
prosthetic devices, wheelchairs, eyeglasses, grab bars, 
hearing aids, lifts, braces. 
7.2 Describe and explain adaptive and assistive 
bioengineered products, e.g., food, bio-fuels, 
irradiation, integrated pest management.  
Brainstorm and evaluate alternative 
ideas for an adaptive device that will 
make life easier for a person with a 
disability, such as a device that picks 
up objects from the floor. (7.1)  
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Local Wonders 
Adapted from the Building Big Activity Guide, pp. 36–37 (www.pbs.org/wgbh/buildingbig) 
 
Technology/Engineering, Grades 6–8 
 
After building newspaper towers and talking about structures and foundations, sixth-graders at the 
Watertown, Massachusetts Boys and Girls Club brainstormed a list of interesting structures in their town. 
They selected St. Patrick’s, an elaborate church across the street from the clubhouse, as the focus for an 
investigation about a “Local Wonder.” 
 
The students began their investigation by brainstorming questions about their Local Wonder. Questions 
that focused on engineering included the following: 
• When was it built? 
• What is it made of? 
• Why did the builders choose that material? 
• What is underneath the building? 
• What holds it up? 
• What keeps it from falling down? 
• How was it built? 
• Were there any problems during construction and how were they solved? 
Questions with a social/environmental focus included the following: 
• Why was it built? 
• Who built it? 
• What did the area look like before it was built? 
 
Next, the students participated in hands-on activities that explored basic engineering principles such as 
force, compression, tension, shape, and torsion. They toured the church, took photographs, researched the 
structure, interviewed long-time community members about their memories about the structure, and 
interviewed engineers, architects, and contractors who worked on the construction project. They 
conducted research at the library, the Historical Society, and the Watertown Building Inspector’s office, 
where they acquired the building’s plans and copies of various permits. They used this information to 
develop a timeline of the building’s history. 
 
Students used the following method to estimate the size of the church: First, they selected one student, 
Josh, and measured his height. Then Josh stood next to the church, while the rest of the club members 
stood across the street. The teacher asked each student to close one eye and use his or her fingers to 
“stack” Josh’s height up to the top of the church. The each student multiplied the number of times he or 
she stacked Josh’s height, to find the total estimated height of the church. 
 
Small groups of students met and prepared final reports, using the following generic outline: 
 I Name of group submitting report 
 II Name and description of structure (identify the type of structure, such as a bridge or skyscraper, 
and describe and explain its parts) 
 III Location of structure 
 IV Approximate date structure was completed 
 V Approximate size of structure 
 VI Why we chose this particular Local Wonder 
 VII What’s important about our Local Wonder 
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 VIII Things we learned about our Local Wonder (include information such as type of construction, 
engineering design concepts, and forces acting on the structure) 
 IX Interesting facts about our Local Wonder 
 
Your community may not have an Eiffel Tower or a Hoover Dam, but for your Local Wonder you can 
choose any structure in your community that is significant because of its appearance, uniqueness, or 
historical or social impact. Consider local bridges, tunnels, skyscrapers or other buildings, domes, dams, 
and other constructions. You can e-mail the American Society of Civil Engineers at 
buildingbig@asce.org to connect with a volunteer civil engineer for this activity. To help select your 
Local Wonder, have the class brainstorm a list or collect some photographs for discussion. 
 
Any group that completes this project can submit its investigation to pbs.org/buildingbig. Send them your 
complete report, including photographs or original drawings of your local wonder. Students should be 
encouraged to draw the structure from a variety of different perspectives. Students can also share their 
reports with other classes in their school or at a local town meeting. 
 
Assessment Strategies 
• Share examples of other previous groups’ completed investigations with your students at the 
beginning of the project. Discuss and develop criteria for effective reports, and identify what 
constitutes quality work. 
• Students can record their learning in an engineering journal. Students can write down each day 
what they have learned, questions that they may have, resources they found helpful, and 
resources they need to consult. The teacher should read the journals to monitor students’ progress 
and levels of participation, and to identify what topics the students have mastered and which 
areas of learning need to be reinforced by additional instruction. 
• Post your Local Wonder report on your school district website, on the town website, or on a town 
agency’s website (e.g., the Chamber of Commerce). Include an e-mail address and encourage 
feedback. 
• At the end of the unit, provide the students with a photograph of a similar structure from another 
town or area. Ask them to write a final paper that compares this structure to their own Local 
Wonder. How are they alike? Different? Compare the materials, designs, and purposes of these 
structures. 
 
Engineering Design Learning Standards 
Grades 6–8 
2.2 Demonstrate methods of representing solutions to a design problem (e.g., sketches, orthographic 
projections, multi-view drawings). 
2.5 Explain how such design features as size, shape, weight, function, and cost limitations would 
affect the construction of a given prototype. 
 
Construction Technologies Learning Standards (Applicable standards may depend on structure selected.) 
Grades 6–8 
5.1 Describe and explain parts of a structure (e.g., foundation, flooring, decking, wall, roofing 
systems). 
5.2 Identify and describe three major types of bridges (i.e., arch, beam, and suspension) and their 
appropriate uses (e.g., based on site, span, resources, and load). 
5.3 Explain how the forces of tension, compression, torsion, bending, and shear affect the 
performance of bridges. 
5.4 Describe and explain the effects of load and structural shape on bridges.  
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I .  C O N T E N T  S T A N D A R D S  
(Suggested learning activities related to the high school Technology/Engineering learning standards are listed on pages 98–99.) 
 
1. Engineering Design 
Central Concepts: Engineering design involves practical problem solving, research, development, and 
invention/innovation, and requires designing, drawing, building, testing, and redesigning. Students should 
demonstrate the ability to use the engineering design process to solve a problem or meet a challenge. 
 
1.1 Identify and explain the steps of the engineering design process: identify the problem, research 
the problem, develop possible solutions, select the best possible solution(s), construct 
prototypes and/or models, test and evaluate, communicate the solutions, and redesign. 
1.2 Understand that the engineering design process is used in the solution of problems and the 
advancement of society. Identify examples of technologies, objects, and processes that have 
been modified to advance society, and explain why and how they were modified. 
1.3 Produce and analyze multi-view drawings (orthographic projections) and pictorial drawings 
(isometric, oblique, perspective), using various techniques. 
1.4 Interpret and apply scale and proportion to orthographic projections and pictorial drawings (e.g., 
¼" = 1'0", 1 cm = 1 m). 
1.5 Interpret plans, diagrams, and working drawings in the construction of prototypes or models. 
 
2. Construction Technologies 
Central Concepts: The construction process is a series of actions taken to build a structure, including 
preparing a site, setting a foundation, erecting a structure, installing utilities, and finishing a site. Various 
materials, processes, and systems are used to build structures. Students should demonstrate and apply the 
concepts of construction technology through building and constructing either full-size models or scale 
models using various materials commonly used in construction. Students should demonstrate the ability 
to use the engineering design process to solve a problem or meet a challenge in construction technology. 
 
2.1 Identify and explain the engineering properties of materials used in structures (e.g., elasticity, 
plasticity, R value, density, strength). 
2.2 Distinguish among tension, compression, shear, and torsion, and explain how they relate to the 
selection of materials in structures. 
2.3 Explain Bernoulli’s principle and its effect on structures such as buildings and bridges. 
2.4 Calculate the resultant force(s) for a combination of live loads and dead loads. 
2.5 Identify and demonstrate the safe and proper use of common hand tools, power tools, and 
measurement devices used in construction. 
2.6 Recognize the purposes of zoning laws and building codes in the design and use of structures. 
 
3. Energy and Power Technologies—Fluid Systems 
Central Concepts: Fluid systems are made up of liquids or gases and allow force to be transferred from 
one location to another. They can also provide water, gas, and/or oil, and/or remove waste. They can be 
moving or stationary and have associated pressures and velocities. Students should demonstrate the 
ability to use the engineering design process to solve a problem or meet a challenge in a fluid system. 
 
3.1 Explain the basic differences between open fluid systems (e.g., irrigation, forced hot air system, 
air compressors) and closed fluid systems (e.g., forced hot water system, hydraulic brakes). 
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3. Energy and Power Technologies—Fluid Systems (cont.) 
3.2 Explain the differences and similarities between hydraulic and pneumatic systems, and explain 
how each relates to manufacturing and transportation systems. 
3.3 Calculate and describe the ability of a hydraulic system to multiply distance, multiply force, and 
effect directional change. 
3.4 Recognize that the velocity of a liquid moving in a pipe varies inversely with changes in the 
cross-sectional area of the pipe. 
3.5 Identify and explain sources of resistance (e.g., 45º elbow, 90º elbow, changes in diameter) for 
water moving through a pipe. 
 
4. Energy and Power Technologies—Thermal Systems 
Central Concepts: Thermal systems involve transfer of energy through conduction, convection, and 
radiation, and are used to control the environment. Students should demonstrate the ability to use the 
engineering design process to solve a problem or meet a challenge in a thermal system. 
 
4.1 Differentiate among conduction, convection, and radiation in a thermal system (e.g., heating and 
cooling a house, cooking). 
4.2 Give examples of how conduction, convection, and radiation are considered in the selection of 
materials for buildings and in the design of a heating system. 
4.3 Explain how environmental conditions such as wind, solar angle, and temperature influence the 
design of buildings. 
4.4 Identify and explain alternatives to nonrenewable energies (e.g., wind and solar energy 
conversion systems). 
 
5. Energy and Power Technologies—Electrical Systems 
Central Concepts: Electrical systems generate, transfer, and distribute electricity. Students should 
demonstrate the ability to use the engineering design process to solve a problem or meet a challenge in an 
electrical system. 
 
5.1 Explain how to measure and calculate voltage, current, resistance, and power consumption in a 
series circuit and in a parallel circuit. Identify the instruments used to measure voltage, current, 
power consumption, and resistance. 
5.2 Identify and explain the components of a circuit, including sources, conductors, circuit breakers, 
fuses, controllers, and loads. Examples of some controllers are switches, relays, diodes, and 
variable resistors. 
5.3 Explain the relationships among voltage, current, and resistance in a simple circuit, using Ohm’s 
law. 
5.4 Recognize that resistance is affected by external factors (e.g., temperature). 
5.5 Compare and contrast alternating current (AC) and direct current (DC), and give examples of 
each. 
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6. Communication Technologies 
Central Concepts: Applying technical processes to exchange information can include symbols, 
measurements, icons, and graphic images. Students should demonstrate the ability to use the engineering 
design process to solve a problem or meet a challenge in a communication technology. 
 
6.1 Explain how information travels through the following media: electrical wire, optical fiber, air, 
and space. 
6.2 Differentiate between digital and analog signals. Describe how communication devices employ 
digital and analog technologies (e.g., computers, cell phones). 
6.3 Explain how the various components (source, encoder, transmitter, receiver, decoder, destination, 
storage, and retrieval) and processes of a communication system function. 
6.4 Identify and explain the applications of laser and fiber optic technologies (e.g., telephone 
systems, cable television, photography). 
6.5 Explain the application of electromagnetic signals in fiber optic technologies, including critical 
angle and total internal reflection. 
 
7. Manufacturing Technologies 
Central Concepts: Manufacturing processes can be classified into six groups: casting/molding, forming, 
separating, conditioning, assembling, and finishing. Students should demonstrate the ability to use the 
engineering design process to solve a problem or meet a challenge in a manufacturing technology. 
 
7.1 Describe the manufacturing processes of casting and molding, forming, separating, conditioning, 
assembling, and finishing. 
7.2 Identify the criteria necessary to select safe tools and procedures for a manufacturing process 
(e.g., properties of materials, required tolerances, end-uses). 
7.3 Describe the advantages of using robotics in the automation of manufacturing processes (e.g., 
increased production, improved quality, safety). 
 
 
I I .  S T E P S  O F  T H E  E N G I N E E R I N G  D E S I G N  P R O C E S S   
 
Students should be provided opportunities for hands-on experiences to design, build, test, and evaluate 
(and redesign, if necessary) a prototype or model of their solution to a problem. Students should have 
access to materials, hand and/or power tools, and other resources necessary to engage in these tasks. 
Students may also engage in design challenges that provide constraints and specifications to consider as 
they develop a solution to a problem. 
 
Steps of the Engineering Design Process* 
1. Identify the need or problem  
2. Research the need or problem 
• Examine current state of the issue and current solution(s) 
• Explore other options via the Internet, library, interviews, etc. 
3. Develop possible solution(s) 
• Brainstorm possible solution(s) 
• Draw on mathematics and science 
• Articulate the possible solution(s) in two and three dimensions 
• Refine the possible solution(s) 
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Steps of the Engineering Design Process (cont.) 
4. Select the best possible solution(s) 
• Determine which solution(s) best meet(s) the original requirements 
5. Construct one or more prototypes and/or models  
• Model the selected solution(s) in two and three dimensions 
6. Test and evaluate the solution(s) 
• Does it work? 
• Does it meet the original design constraints? 
7. Communicate the solution(s) 
• Make an engineering presentation that includes a discussion of how the solution(s) best meet(s) 
the needs of the initial problem or need 
• Discuss societal impact and tradeoffs of the solution(s) 
8. Redesign  
• Modify the solution(s) based on information gathered during the tests and presentation 
 
*The Engineering Design Process is also listed under the first content standard of the Engineering 
Design subtopic in this course. 
 
 
I I I .  M A T H E M A T I C A L  S K I L L S  
 
Students are expected to know the content of the Massachusetts Mathematics Curriculum Framework, 
through grade 8. Below are some specific skills from the Mathematics Framework that students in this 
course should have the opportunity to apply: 
 
? Construct and use tables and graphs to interpret data sets. 
? Solve simple algebraic expressions. 
? Perform basic statistical procedures to analyze the center and spread of data. 
? Measure with accuracy and precision (e.g., length, volume, mass, temperature, time) 
? Use both metric/standard international (SI) and U.S. Customary (English) systems of 
measurement. 
? Convert within a unit (e.g., centimeters to meters, inches to feet). 
? Use common prefixes such as milli-, centi-, and kilo-. 
? Use scientific notation, where appropriate. 
? Use ratio and proportion to solve problems. 
 
The following skills are not detailed in the Mathematics Framework, but are necessary for a solid 
understanding in this course: 
 
? Determine the correct number of significant figures. 
? Determine percent error from experimental and accepted values. 
? Use appropriate metric/standard international (SI) units of measurement for mass (kg); length 
(m); time (s); power (W); electric current (A); electric potential difference/voltage (V); and 
electric resistance (Ω). 
? Use the Celsius and Fahrenheit scales. 
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A Look at Energy-Efficient Homes 
Adapted from Standards for Technological Literacy, p. 197 
 
Technology/Engineering, High School 
 
The city of Westlake and the surrounding areas experienced an accelerated growth in the construction 
industry, especially in new home construction. The local high school technology teacher, Mr. Morales, 
thought it would be helpful for his students, as future consumers, to have an in-depth understanding of the 
housing industry and to know about the latest developments in home construction techniques, materials, 
and practices. 
 
Mr. Morales decided to organize a lesson where students were invited to participate in designing an 
energy-efficient home for a family of four. He guided the students to consider all forms of energy and not 
to limit their imaginations. Students were instructed to consider costs of using energy-efficient designs 
and how those costs might affect the resale value of a home. 
 
He instructed the students in his technology class to individually design, draw, and build a scale model of 
a residential home using heating and cooling systems that were energy-efficient, aesthetically pleasing, 
functional, marketable, and innovative. The house also had to accommodate a family of four with a 
maximum size of 2100 square feet. Each student had to work within a budget of $150,000, and had nine 
weeks to complete the project. 
 
The students began by researching homes in their city that already incorporated features that were 
required in their project. They conducted library and Internet searches to learn about the latest materials 
and techniques available in the housing industry. Students also interviewed local architects and building 
contractors to learn about current practices and how these professionals were integrating innovative 
features. For example, the students learned about incorporating increased day lighting, which takes into 
account the home’s orientation, into the design of the home. They also learned about designing and 
installing environmentally sound, energy-efficient systems and incorporating whole-home systems that 
are designed to provide house maintenance, home security, and indoor air-quality management. 
 
The students then began the process of sketching their homes. Many students had to gather additional 
research as they realized they needed more information to complete their sketches. Using their sketches, 
the students built scale models of their homes out of mat board. 
 
A group of building industry professionals from across the area was invited to evaluate students’ work 
and provide feedback on their ideas in several categories, including design, planning, innovation, energy 
conservation features, drawing presentation, model presentation, and exterior design. 
 
As a result of this experience, the students learned firsthand what it takes to design a home for the 21st 
century. Students also learned how to successfully plan and select the best possible solution from a 
variety of design ideas in order to meet criteria and constraints, as well as how to communicate their 
results using graphic means and three-dimensional models. 
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Assessment Strategies 
• Students can research building codes and zoning laws in the community, then each can write a 
detailed informational report. 
• Students can compare construction efficiency for various house designs, evaluating the 
advantages and disadvantages of each design (e.g., ranch vs. colonial, lumber vs. steel 
framework). They can then create a chart illustrating the differences. 
• Students can create an engineering presentation illustrating the design and efficiency of the 
prototype, using appropriate visual aids (e.g., charts, graphs, presentation software). The 
presentation should include any other factors that impact the design of the house (e.g., site, soil 
conditions, climate). 
• Students will use a rubric to assess design specification, heat efficiency, and final prototype of the 
design challenge. 
 
Engineering Design Learning Standards 
High School 
1.2 Understand that the engineering design process is used in the solution of problems and the 
advancement of society. Identify examples of technologies, objects, and processes that have 
been modified to advance society, and explain why and how they were modified. 
1.3 Produce and analyze multi-view drawings (orthographic projections) and pictorial drawings 
(isometric, oblique, perspective), using various techniques. 
1.4 Interpret and apply scale and proportion to orthographic projections and pictorial drawings (e.g., 
¼" = 1'0", 1 cm = 1 m). 
1.5 Interpret plans, diagrams, and working drawings in the construction of prototypes or models. 
 
Construction Technologies Learning Standards 
High School 
2.1 Identify and explain the engineering properties of materials used in structures (e.g., elasticity, 
plasticity, R value, density, strength). 
2.6 Recognize the purposes of zoning laws and building codes in the design and use of structures. 
 
Energy and Power Technologies—Thermal Systems Learning Standards 
High School 
4.2 Give examples of how conduction, convection, and radiation are considered in the selection of 
materials for buildings and in the design of a heating system.  
4.3 Explain how environmental conditions such as wind, solar angle, and temperature influence the 
design of buildings. 
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Suggested Learning Activities for  
High School Technology/Engineering Learning Standards 
 
Please note: The number(s) in parentheses following each suggested learning activity refer to the related high 
school Technology/Engineering learning standard(s). 
 
 
1. Engineering Design 
• Create an engineering design presentation using multimedia, oral, and written communication. 
(1.1) 
• Choose the optimal solution to a problem, clearly documenting ideas against design criteria and 
constraints, and explain how human values, economics, ergonomics, and environmental 
considerations have influenced the solution. (1.1) 
• Visit a local industry in any area of technology and describe the research and development 
processes of the company. (1.1, 1.5) 
• Have students utilize library/Internet resources to research the patent process. (1.1, 1.2, 1.5) 
• Create pictorial and multi-view drawings that include scaling and dimensioning. (1.2, 1.3, 1.4, 
1.5) 
• Create plans, diagrams, and working drawings in the construction of a prototype. (1.2, 1.3, 1.4, 
1.5) 
 
2. Construction Technologies 
• Demonstrate the transmission of loads for buildings and other structures. (2.1, 2.2, 2.6) 
• Construct a truss and analyze to determine whether the members are in tension, compression, 
shear, and/or torsion. (2.1, 2.3, 2.4, 2.5) 
• Given several types of measuring tools and testing tools, give students a challenge and have them 
evaluate the effectiveness of a tool for the given challenge. (2.2) 
• Construct and test geometric shapes to determine their structural advantages depending on how 
they are loaded. (2.3, 2.5, 2.6) 
• Using a chart from the state building code, students should be able to correctly use the stress-
strain relationship to calculate the floor joist size needed. (2.4, 2.6)  
• Design and conduct a test for building materials (e.g., density, strength, thermal conductivity, 
specific heat, moisture resistance). (2.4, 2.5) 
• Calculate the live load for the second floor of a building and show how that load is distributed to 
the floor below. (2.5, 2.6) 
• Identify ways to protect a watershed (e.g., silt barriers, hay bales, maintenance of watershed 
areas). (2.5) 
 
3. Energy and Power Technologies—Fluid Systems 
• Demonstrate how appropriate selection of piping materials, pumps, and other materials is based 
on hydrostatic effects. (3.1, 3.5) 
• Demonstrate how a hydraulic brake system operates in an automobile. (3.1, 3.5) 
• Design a private septic system while considering the type of soil in the leach field. (3.1, 3.4) 
• Identify similar and differing elements of a public sewer system and a private septic system. (3.1, 
3.4) 
• Explain engineering control volume concepts as applied to a domestic water system. Does the 
amount of water entering a residence equal the amount of water leaving the residence? (3.5) 
• Design an airfoil or spoiler to demonstrate Bernoulli’s principle. (3.3) 
• Create a hydraulic arm powered by pistons that is capable of moving in three dimensions. (3.4) 
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High School Technology/Engineering Learning Standards 
 
 
3. Energy and Power Technologies—Fluid Systems (cont.) 
• Have students do a simple calculation with velocity and cross-sectional pipe size. Velocity times 
cross-sectional area is a constant. As the pipe size changes, the velocity will have to change as 
well.  For example, if the pipe changes from a 2-inch diameter to a 1-inch diameter, the velocity 
will quadruple. (3.5) 
 
4. Energy and Power Technologies—Thermal Systems 
• Create a model (e.g., the multi-layer wall of a building) to test the concept of conduction, and 
compute heat losses. (4.1, 4.2, 4.4) 
• Design and build a hot water solar energy system consisting of a collector, hoses, pump 
(optional), and storage tank. After the system has been heated, calculate the heat gains achieved 
through solar heating. (4.1) 
• Design and build a model to test heat losses through various materials and plot the results. (4.2, 
4.5) 
• Design and build a solar cooker for various food substances. Each student should design a solar 
cooker for her or his specific food. (4.1, 4.2) 
• Design an awning for a business based upon seasonal changes and the angles of the sun. (4.2) 
 
5. Energy and Power Technologies—Electrical Systems 
• Design and create an electrical system containing a source, a switch, and multiple loads. Be able 
to measure the voltage and current at each load. (5.2) 
• Design and create an electrical system with either motors, all operating at different speeds, or 
lamps, all operating at different intensities. (5.2, 5.3) 
• Create schematics for series, parallel, and combination (series-parallel) circuits, and construct 
each type of circuit from its schematic. (5.4) 
 
6. Communication Technologies 
• Give an example of each of the following types of communication: human to human (talking), 
human to machine (telephone), machine to human (facsimile machine), and machine to machine 
(computer network). (6.4) 
• Create prototypes for the following specific types of communication: human to human (e.g., 
talking, telephone), human to machine (e.g., keyboard, cameras), machine to human (e.g., CRT 
screen, television, printed material), machine to machine (e.g., CNC, internetworking). (6.2, 6.3, 
6.4) 
• Define size and focal length for a lens and explain their applications in light theory. (6.5) 
• Research a communication technology and the impact that lasers or fiber optics have had on that 
technology. (6.4, 6.5) 
 
7. Manufacturing Technologies 
• Design a system for mass producing a product. (7.1, 7.2) 
• Design, build, and program a robotic device capable of moving through three axes. (7.3) 
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Appendix I 
PreK through High School  
Learning Standards Organized by  
Strand and Broad Topics 
 
Planning science and technology/engineering curriculum at any grade level is most effective 
when it is known what students have already been taught and what they should be learning in 
subsequent years. It can be helpful in planning and aligning curricula to recognize how 
standards across grade spans may be integrated, as is often done in elementary and middle 
school grades. 
 
Please note the Physical Sciences strand has been split in this appendix into Chemistry and 
Introductory Physics to effectively show concepts across the grade spans. Even so, there is 
some redundancy in the grade PreK through grade 8 standards in these two outlines. 
 
This appendix shows which standard(s) in each grade span fall under each of these Broad 
Topics. Schools or districts may choose, however, to group standards in combinations other 
than those shown in this appendix. Organizing the standards by strand and Broad Topic 
provides an opportunity to see how students are supported in learning any one concept from 
year to year. 
 
Learning standards are not quoted verbatim in this appendix; rather, the basic content and 
intent of the standard is listed, along with its number. Please refer to the actual standards in 
the third chapter of the document for the full articulation of each standard, including the 
complete scope of each topic or concept. 
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Content of Each Learning Standard Broad 
Topic PreK–2 Grades 3–5 Grades 6–8 High School 
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3. Weather changes 
from day to day 
and over the 
seasons. 
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6. Air temperature, moisture, 
wind speed and direction, and 
precipitation make up the 
weather in a particular place 
and time. 
7. Various forms of precipitation 
are connected to the weather in 
a particular place and time. 
8. Global patterns influence local 
weather, which can be 
measured. 
9. Weather is different from 
climate. 
3. Radiation, conduction, and 
convection transfer heat 
through the earth’s system. 
4. Energy provided by the sun, 
global patterns of atmospheric 
movement, and temperature 
differences among water, land, 
and atmosphere are related. 
11. Earth’s tilt and its revolution 
around the sun result in uneven 
heating, causing the seasons. 
1.1 Earth’s principal sources of internal and external energy. 
1.2 Characteristics of electromagnetic radiation and its impact on 
life and Earth’s systems. 
1.3 The transfer of energy through radiation, conduction, and 
convection contributes to global atmospheric processes. 4. The sun supplies 
heat and light to 
the earth and is 
necessary for life. 
1.4 Unequal heating of Earth and the Coriolis effect influence 
global circulation patterns and impact Massachusetts weather 
and climate. 
1.5 The revolution of Earth around the Sun and the inclination of 
Earth on its axis cause Earth’s seasonal variations. 
1.6 Conditions associated with frontal boundaries and cyclonic 
storms and their impact on human affairs. 
1.7 Oceanic currents relate to global circulation within the marine 
environment and climate. 
1.8 Ground-based observations, satellite data, and computer 
models are used to demonstrate interconnected Earth systems. 
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1. Water, rocks, 
soil, and living 
organisms are 
found on the 
earth’s surface. 
2. Air is a mixture 
of gases all around 
us and wind is 
moving air. 
1. What a mineral is. 
2. Physical properties of 
minerals and tests for those. 
5. The properties of soil include 
color, texture, and the abilities 
to retain water and support the 
growth of plants. 
 2.1 Renewable energy resources and nonrenewable energy 
resources. 
2.2 Effects on the environment and on the carbon cycle of using 
renewable and nonrenewable resources.  
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 3. The three categories of rocks 
and the processes that create 
them. 
4. Soil is formed by the 
weathering of rock and 
decomposition of plant and 
animal remains. 
10. Water on earth cycles in 
different forms and locations. 
11. Cycling of water, both in and 
out of the atmosphere, has an 
effect on climate. 
6. Earth’s surface is built up and 
torn down by natural 
processes. 
3.1 Physical and chemical weathering leads to erosion and 
formation of soils and sediments, and creates the various types of 
landscapes. 
3.2 The carbon cycle. 
3.3 The nitrogen cycle. 
3.4 Water flows into and through a watershed.  
3.5 The hydrologic cycle includes evaporation, condensation, 
precipitation, surface runoff and groundwater percolation, 
infiltration, and transpiration. 
3.6 The rock cycle, including the formation and physical 
properties of igneous, sedimentary, and metamorphic rocks. 
 
 
3.7 Absolute and relative dating methods are used to measure 
geologic time. 
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 12. Earth’s surface changes due 
to slow processes such as 
erosion and weathering, and 
rapid processes such as 
landslides, volcanic eruptions, 
and earthquakes. 
1. Earth’s common physical 
features can be represented 
with models and maps. 
2. Layers of the earth include the 
lithosphere, mantle, and core. 
5. Movement of the earth’s 
crustal plates causes both slow 
and rapid changes in the 
earth’s surface. 
7. Physical evidence supports 
theories that the earth has 
evolved over geologic time. 
3.8 The development of a lithospheric plate from its growth to its 
destruction, including the recording of magnetic polarity. 
3.9 The motion of the lithospheric plates is related to convection 
currents in Earth’s mantle. 
3.10 Earthquakes, volcanoes, tsunamis, mountain building, and 
tectonic uplift are related to plate movements. 
3.11 Seismic data are used reveal Earth’s interior structure and 
earthquake epicenters. 
3.12 The Richter scale and the relative damage incurred by 
earthquakes. 
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8. Gravity is a force that pulls all 
things toward the center of the 
earth. Gravity influences the 
formation and movement of the 
planets, stars, and solar system. 
9. Lunar and solar eclipses, 
moon phases, and tides are 
related to relative positions of 
the earth, moon, and sun. 
5. Events around us 
have repeating 
patterns, including 
the seasons of the 
year, day, and 
night. 
13. Earth is a part of the “solar 
system” that includes the sun, 
planets, and many moons. 
Earth is the third planet from 
the sun. 
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14. Earth orbits the sun in a 
year’s time and rotates on its 
axis in approximately 24 hours. 
The rotation of the earth, 
day/night, and apparent 
movements of the sun, moon, 
and stars are connected. 
10. Properties and conditions of 
objects in the solar system and 
those on Earth. 
15. Changes occur in the 
observable shape of the moon 
over a month. 
4.2 Influence of gravity and inertia on the rotation and revolution 
of orbiting bodies; Sun-Earth-moon relationships. 
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  12. The universe contains many 
billions of galaxies and each 
galaxy contains many billions 
of stars. 
4.1 The Big Bang Theory and the evidence that supports it. 
4.3 The Sun, Earth, and solar system formed from a nebula of dust 
and gas in a spiral arm of the Milky Way Galaxy about 4.6 
billion years ago. 
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Broad 
Topic Content of Each Learning Standard 
PK-8 
106               M
assachusetts Science and Technology/Engineering Curriculum
 Fram
ework, O
ctober 2006 
HS PreK–2 Grades 3–5 Grades 6–8 High School 
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1. Animals and 
plants are living 
things that grow, 
reproduce, & need 
food, air, & water. 
2. Characteristics of 
living and 
nonliving things. 
3. Plants and 
animals have life 
cycles that vary. 
1. Physical characteristics of 
plants and animals 
3. Plants and animals go through 
predictable life cycles, 
including birth, growth, 
development, reproduction, 
and death. 
4. Major life cycle stages of the 
frog and butterfly. 
1. Organisms are classified into 
kingdoms. 
2.3 Cellular evidence and modes of nutrition of the six kingdoms. 
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  2. Organisms are composed of 
cells, and many organisms are 
single-celled, where one cell 
must carry out all basic 
functions of life. 
3. Plant and animal cells have 
similarities and differences in 
their major organelles. 
4. Basic functions of living 
organisms are carried out in 
cells. 
1.1 Biological organisms are composed primarily of few elements. 
1.2 Molecular structures and functions of the four major 
categories of organic molecules. 
1.3 Enzymes are catalysts for biochemical reactions affected by a 
variety of factors. 
2.1 Cell parts/organelles and their functions; cell membranes. 
2.2 Cellular similarities and differences of prokaryotes and 
eukaryotes. 
2.4 Reactants, products, and purposes of photosynthesis and 
respiration. 
2.5 Role of ATP in metabolism. 
2.6 The cell cycle and mitosis in asexual reproduction. 
2.7 Meiosis in sexual reproduction. C
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2.8 Differences of a virus and a cell. 
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 2. Structures in plants that are 
responsible for food 
production, support, water 
transport, reproduction, 
growth, and protection. 
5. Multicellular organisms can 
be hierarchically organized 
from cells to tissues to organs 
to systems to organisms. 
6. General functions of the 
major systems of the human 
body, and the interactions of 
these systems. 
4.1 The digestive system converts macromolecules into smaller 
molecules. 
4.2 The circulatory system transports nutrients and oxygen, and 
removes cell wastes. Kidneys and liver remove waste from blood. 
4.3 The respiratory system provides exchange of O2 and CO2. 
4.4 The nervous system mediates communication. 
4.5 The muscular/skeletal system supports the body and allows 
for movement. Bones produce blood cells. 
4.6 Sexual reproductive system. 
4.7 Communication among cells is required for coordination of 
body functions. 
4.8 Body systems interact to maintain homeostasis using 
physiological feedback loops. 
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4. Plants and 
animals closely 
resemble their 
parents in 
observed 
appearance. 
5. Observed characteristics of 
plants and animals can be fully 
inherited or they can be 
affected by the climate or 
environment. 
7. Every organism requires a set 
of instructions that specifies its 
traits. Heredity is the passage 
of these instructions from one 
generation to another. 
8. Hereditary information is 
contained in genes located in 
the chromosomes of each cell. 
9. Sexual reproduction and 
asexual reproduction. 
3.1 DNA structure and its function in genetic inheritance. 
3.2 DNA replication transmits and conserves the genetic code. 
Transcription and translation result in expression of genes. 
3.3 Mutations in the DNA sequence or gametes may result in 
phenotypic changes in an organism or offspring. 
3.4 Genetic traits result in observed inheritance patterns. 
M
assachusetts Science and Technology/Engineering Curriculum
 Fram
ework, O
ctober 2006 
107 
3.5 Patterns of inheritance can be explained through Mendel’s 
laws of segregation and independent assortment. 
3.6 Probabilities for genotype and phenotype combinations in 
monohybrid crosses can be modeled using a Punnett Square. 
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5. Fossils provide 
us with 
information about 
living things that 
inhabited the earth 
years ago. 
6. Inherited characteristics may 
change over time as 
adaptations to changes in the 
environment enable organisms 
to survive. 
7. Changes in the environment 
have caused some plants and 
animals to die or move to new 
locations. 
10. Genetic variation and 
environmental factors are 
causes of evolution and the 
diversity of organisms. 
11. Evidence drawn from mul-
tiple sources provides the basis 
of the theory of evolution. 
12. Extinction of species is 
related to a mismatch of 
adaptation and environment. 
17. Ecosystems have changed 
through geologic time in 
response to various influences. 
18. Biological evolution 
accounts for species diversity 
developed over generations. 
5.1 Evolution is demonstrated by evidence from multiple sources. 
5.2 Species are reproductively distinct groups of organisms. 
Species are classified into a hierarchical taxonomic system 
based on similarities. Geographic isolation can play a role in 
speciation. 
5.3 Evolution through natural selection can result in changes in 
biodiversity through an increase or decrease of genetic diversity 
within a population. 
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13. Organisms interact and have 
different functions within an 
ecosystem that enable the 
ecosystem to survive. 
14. Roles & relationships among 
producers, consumers, and 
decomposers in the process of 
energy transfer in a food web. 
15. Dead plants and animals are 
broken down by other living 
organisms, which contributes 
to the system as a whole. 
16. Producers use energy from 
sunlight to make sugars 
through photosynthesis, which 
can be used immediately, 
stored for later use, or used by 
other organisms. 
6.1 Birth, death, immigration, and emigration influence 
population size. 
8. Organisms meet needs by 
using behaviors in response to 
information from the environ-
ment. Some behaviors are 
instinctive and others learned. 
6. People and other 
animals interact 
with the environ-
ment through their 
senses. 
6.2 Changes in population size and biodiversity result from a 
variety of influences. 
9. Plants have characteristic 
behaviors. Plants and animals 
can survive harsh environ-
ments via seasonal behaviors. 
10. Organisms can cause 
changes in their environment 
to ensure survival, which may 
affect the ecosystem.  
7. Animals and 
plants go through 
changes in 
appearance as the 
seasons change. 
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8. An organism’s 
habitat provides 
for its basic needs. 
11. Energy derived from the sun 
is used by plants to produce 
sugars and is transferred with-
in a food chain from producers 
to consumers to decomposers. 
6.3 A food web identifies producers, consumers, and 
decomposers, and explains the transfer of energy through 
trophic levels. Relationships among organisms add to the 
complexity of biological communities. 
6.4 Water, carbon, and nitrogen cycle between abiotic resources 
and organic matter, and oxygen cycles through photosynthesis 
and respiration. 
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PreK–2 Grades 3–5 Grades 6–8 High School 
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1. Observable 
properties of 
objects include 
size, shape, color, 
weight, and 
texture.  
1. Properties of 
objects and 
materials.  
2. Volume and mass are distinct 
components of density. 
3. Appropriate tools and use of 
significant digits are needed to 
measure volume and mass. 
4. Mass is conserved in a closed 
system. 
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2. Objects and 
materials are solid, 
liquid, or gas.  
Solids have a 
definite shape; 
liquids and gases 
take the shape of 
their container. 
2. Solids, liquids, 
and gases have 
distinct properties. 
3. Water can be 
changed from one 
state to another by 
adding or taking 
away heat. 
9. A substance has a melting point 
and a boiling point, both indepen-
dent of the amount of the sample. 
10. Physical changes and chemical 
changes. 
15. The effect of heat on particle 
motion during a change in phase.  
1.1 Physical and chemical properties and changes. 
1.3 The three normal states of matter in terms of energy, particle motion, 
and phase transitions. 
6.1 Kinetic molecular theory explains the behavior of gases and the 
relationships among pressure, volume, temperature, and the number of 
particles in a gas sample. The combined gas law determines changes in 
pressure, volume, and temperature. 
6.2 The ideal gas law and molar volume at 273K and 1 atmosphere. 
6.3. Properties of gases, liquids, and solids using kinetic molecular theory; 
molecular behavior of matter during phase transitions. 
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 4. Basic forms of 
energy, which 
cause motion or 
create change. 
5. Energy can be 
transferred from 
one form to 
another. 
13. Kinetic energy is transformed 
into potential energy & vice versa. 
14. Temperature change results from 
adding or taking away heat energy 
from a system. 
16. Heat moves in predictable ways, 
from warmer to cooler objects 
until reaching equilibrium. 
6.4 The law of conservation of energy; endothermic and extothermic 
processes. 
6.5 There is a natural tendency for systems to move in a direction of 
disorder or randomness (entropy). 
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  5. Many elements combine in a 
multitude of ways to produce 
compounds that make up living 
and nonliving things. 
6. Differences between an atom and 
a molecule. 
7. Basic examples of elements and 
compounds. 
8. Differences between mixtures and 
pure substances.  
1.2 Pure substances and mixtures; heterogeneous and homogeneous 
mixtures. 
2.1 Discoveries of atomic theory, the electron, the nucleus, and the 
planetary model of atom led to modern theory. 
2.2 Rutherford’s “gold foil” experiment led to discovering the nuclear atom. 
Components of the nuclear atom and how they interact. 
2.3 The laws of conservation of mass, constant composition, and multiple 
proportions. 
2.4 Electron configurations for twenty elements. 
2.5 The three main types of radioactive decay and their properties.  
2.6 Process of radioactive decay using nuclear equations and the concept 
of half-life for an isotope. 
2.7 Nuclear fission and nuclear fusion.  
 
 P
e
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   3.1 An element’s position on the periodic table relates to its atomic 
number, family, and period. 
3.2 Metals, nonmetals, and metalloids on the periodic table. 
3.3 An element’s position on the periodic table relates to its electron 
configuration and reactivity. 
3.4 Trends on the periodic table. 
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   4.1 Atoms combine through ionic and covalent bonding. Valence electrons 
can predict chemical formulas. 
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4.2 Lewis dot structures for simple molecules and ionic compounds. 
4.3 Electronegativtiy explains polar and nonpolar covalent bonds. 
4.4 Valence-shell electron-pair repulsion theory predicts molecular 
geometry of simple molecules. 
4.5 Hydrogen bonding in water affects a variety of physical, chemical, and 
biological phenomena. 
4.6 Chemical formulas for simple ionic and molecular compounds.  
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   5.1 Conservation laws are used to balance chemical equations. 
5.2 Classifications of chemical reactions. 
5.3 The number of particles and molar mass can be determined using the 
mole concept. 
5.4 Percent compositions; empirical and molecular formulas. 
5.5 Mass-to-mass stoichiometry for a chemical reaction. 
5.6 Percent yield in a chemical reaction 
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   7.1 Process by which solutes dissolve in solvents. 
7.2 Concentration, solution dilution, and solution stoichiometry, using 
molarity. 
7.3 Factors that affect the rate of dissolving. 
7.4 The properties of solutions and pure solvents. 
7.5 Factors affecting the rate of a chemical reaction. 
7.6 The factors and processes that can cause a shift in equilibrium of a 
system. 
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   8.1 Theories of acids and bases in terms of the presence of hydronium and 
hydroxide ions in water, and proton donors and acceptors. 
8.2 The pH scale and acidic, basic, and neutral solutions are related to 
hydrogen ion concentrations. 
8.3 How a buffer works. 
8.4 Oxidation and reduction reactions and everyday examples; oxidation 
numbers in a reaction. 
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S T R A N D :   P H Y S I C A L  S C I E N C E S  ( I N T R O D U C T O R Y  P H Y S I C S )  
 
Broad 
Topic Content of Each Learning Standard 
PK-8 HS PreK–2 Grades 3–5 Grades 6–8 High School 
P
o
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j
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s
 
3. Objects can move 
in various ways. 
4. Change the motion 
of an object by 
applying a force. 
The greater the 
force, the greater 
the change in 
motion. 
5. Objects can be 
balanced under 
some conditions. 
 1. Weight is the amount of 
gravitational pull on an 
object and is distinct from 
mass. 
11. An object’s motion can be 
described by its position, 
direction of motion, and 
speed. 
12. Distance vs. time graphs 
for constant speed. 
1.1 Vector and scalar quantities. 
1.2 Displacement, distance, velocity, speed, and acceleration. 
1.3 Graphs of 1-dimensional motion. 
1.4 Newton’s three laws of motion. 
M
o
t
i
o
n
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n
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o
r
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1.5 Free-body force diagrams show forces acting on a system 
consisting of a pair of interacting objects. 
1.6 Qualitative differences between static and kinetic friction, 
and their effects on the motion of objects. 
1.7 Newton’s law of universal gravitation. 
1.8 Forces involved in circular motion. 
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 4. Basic forms of energy, 
which cause motion or 
create change. 
5. Energy can be transferred 
from one form to another. 
13. Kinetic energy can be 
transformed into potential 
energy and vice versa. 
2.1 The law of conservation of energy. 
2.2 Energy can be converted from gravitational potential energy 
to kinetic energy and vice versa. 
2.3 Work can be expressed as a change in mechanical energy. 
2.4 Power can be expressed as work done per unit time. 
2.5 Linear momentum is the product of mass and velocity and is 
always conserved.  
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2. Objects and 
materials are solid, 
liquid, or gas.  
Solids have a 
definite shape; 
liquids and gases 
take the shape of 
their container. 
2. Solids, liquids, and gases 
have distinct properties. 
3. Water can be changed 
from one state to another 
by adding or taking away 
heat. 
9. A substance has a melting 
point and a boiling point, 
both independent of the 
amount of the sample. 
3.3 Average molecular kinetic energy is related to temperature. 
Energy is absorbed when a substance changes from a solid to a 
liquid to a gas, and energy is released when a substance changes 
from a gas to a liquid to a solid. Relationships exist among 
evaporation, condensation, cooling, and warming. 
3.4 Temperature change in a substance is related to the amount of 
heat transferred, and the amount and specific heat of the 
substance. 
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  14. Temperature change 
results from adding or taking 
away heat energy from a 
system. 
15. The effect of heat on 
particle motion during a 
change in phase. 
16. Heat moves in predictable 
ways, moving from warmer 
to cooler objects until 
reaching equilibrium. 
3.1 Heat energy is transferred by convection, conduction, and/or 
radiation. 
3.2 Heat energy will move from a higher temperature to a lower 
temperature until equilibrium is reached. 
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 6. Electricity in circuits 
requires a complete loop 
for an electrical current. 
Electricity can produce 
light, heat, and sound. 
7. Objects and materials can 
be conductors or insulators 
of electricity. 
8. Making and using 
electromagnets.
9. Magnets have poles that 
repel and attract each 
other. 
10. A magnet will attract 
some objects and materials 
but not others.
 5.1 An electric charge tends to be static on insulators and can 
move on and in conductors. Energy can produce a separation of 
charges. 
5.2 Current, voltage, resistance, and the connections among them 
(Ohm’s law). 
5.3 Arrangements of components in series and parallel circuits. 
Symbols are used to represent the functions of common circuit 
elements in a schematic diagram. 
5.4 Attractive or repulsive forces between objects relative to their 
charges and the distance between them (Coulomb’s law). 
5.5 Electric current is a flow of charge caused by a potential 
difference, and power is equal to current multiplied by voltage. 
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5.6 Moving electric charges produce magnetic forces and moving 
magnets produce electric forces. The interplay of electric and 
magnetic forces is the basis for many technologies. 
 11. Sound is produced by 
vibrating objects and 
travels through a medium. 
The rate of vibration is 
related to the pitch of the 
sound. 
12. Light travels in a straight 
line until it strikes an 
object or travels from one 
medium to another. Light 
can be reflected, refracted, 
and absorbed.
 4.1 The measurable properties of waves and the relationships 
among them; simple harmonic motion. 
4.2 Mechanical and electromagnetic waves. 
4.3 Transverse and longitudinal mechanical waves. 
4.4 Reflection and refraction of waves. 
4.5 Mechanical waves generally move faster through a solid than 
a liquid and faster through a liquid than a gas. 
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4.6 The apparent change in frequency of waves due to the motion 
of a source or a receiver (the Doppler effect). 
6.1 Electromagnetic waves are transverse waves and travel at the 
speed of light through a vacuum. 
6.2 Electromagnetic spectrum in terms of frequency and 
wavelength, and the locations of different waves on the 
spectrum. 
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Content of Each Learning Standard Broad 
Topic 
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PreK–2 Grades 3–5 Grades 6–8 High School 
M
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1.1 Characteristics of 
natural and human-
made materials. 
1.2 Possible uses for 
natural and human-
made materials. 
1.3 Safe and proper 
use of tools and 
materials to 
construct simple 
structures. 
1.1 Materials used to 
accomplish a design 
task based on 
specific properties. 
1.2 Appropriate 
materials and tools to 
construct a prototype 
safely. 
1.3 Differences 
between simple and 
complex machines. 
1.1 Appropriate materials for design 
tasks based on specific properties 
and characteristics. 
1.2 Appropriate tools used to hold, 
lift, carry, fasten, and separate, and 
their safe and proper uses. 
1.3 Safe and proper use of tools and 
machines needed to construct a 
prototype. 
2.5 Safe and proper use of common hand tools, power tools, and 
measurement devices used in construction.  
E
n
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n
e
e
r
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n
g
 
D
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2.1 Tools and simple 
machines used for a 
specific purpose. 
2.1 Problems that 
reflect the need for 
shelter, storage, or 
convenience. 
2.2 Different ways a 
problem can be 
represented. 
2.3 Relevant design 
features for building 
a prototype of a 
solution to a 
problem. 
2.4 Natural and 
mechanical systems 
are designed to serve 
similar purposes. 
2.1 Steps of the engineering design 
process. 
2.2 Methods of representing solutions 
to a design problem. 
2.3 The purpose of a prototype. 
2.4 Appropriate materials, tools, and 
machines to construct a prototype. 
2.5 Design features and cost 
limitations affect the construction 
of a prototype. 
2.6 The five elements of a universal 
systems model. 
1.1 Steps of the engineering design process. 
1.2 The engineering design process is used to solve problems, advance 
society, and modify technologies, objects, and processes. 
1.3 Multi-view drawings and pictorial drawings are produced using 
various techniques. 
2.2 Human beings and 
animals use parts of 
the body as tools.  1.4 Scale and proportion are applied to orthographic projections and 
pictorial drawings. 
1.5 Plans, diagrams, and working drawings are used in the 
construction of prototypes and models.  
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  3.1 Components of a communication 
system. 
3.2 Appropriate tools, machines, and 
electronic devices used to produce 
and/or reproduce design solutions. 
3.3 Communication technologies and 
systems. 
3.4 How symbols and icons are used 
to communicate a message. 
6.1 Information travels through various media. 
6.2 Differences between digital and analog signals; how 
communication devices employ digital and analog technologies. 
6.3 How the various components and processes of a communication 
system function.  
6.4 Applications of laser and fiber optic technologies. 
6.5 Application of electromagnetic signals in fiber optic technologies, 
including critical angle and total internal reflection. 
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  4.1 Manufacturing systems of custom 
and mass production. 
4.2 Impacts of interchangeable parts, 
components of mass-produced 
products, and the use of automation. 
4.3 Manufacturing organization. 
4.4 Basic processes in manufacturing 
systems.  
7.1 Manufacturing processes  
7.2 Criteria necessary to select safe tools and procedures for the 
manufacturing process. 
7.3 Advantages of using robotics in the automation of manufacturing 
processes. 
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n
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  5.1 Parts of a structure. 
5.2 Three major types of bridges and 
their appropriate uses. 
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5.3 The forces of tension, 
compression, torsion, bending, and 
shear affect the performance of 
bridges. 
5.4 Effects of load and structural 
shape on bridges. 
2.1 Engineering properties of materials used in structures. 
2.2 Differences between tension, compression, shear, and torsion, and 
how they relate to the selection of materials in structures. 
2.3 Bernoulli’s principle and its effect on structures. 
2.4 Resultant force(s) for a combination of live and dead loads. 
2.6 The purposes of zoning laws and building codes in the design and 
use of structures. 
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  6.1 Transportation systems and 
devices that operate on or in land, 
air, water, and space. 
6.2 Possible solutions to 
transportation problems, using the 
universal systems model. 
6.3 Three subsystems of a 
transportation vehicle or device. 
6.4 Lift, drag, friction, thrust, and 
gravity in a vehicle or device. 
 
  7.1 Adaptive and assistive devices. 
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7.2 Adaptive and assistive 
bioengineered products. 
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   3.1 Differences between open and closed fluid systems. 
3.2 Hydraulic and pneumatic systems and how each relates to 
manufacturing and transportation systems. 
3.3 The ability of a hydraulic system to multiply distance, multiply 
force, and effect directional change. 
3.4 The velocity of a liquid moving in a pipe varies inversely with 
changes in the pipe’s cross-sectional area. 
3.5 Sources of resistance for water moving through a pipe.  
  
Content of Each Learning Standard Broad 
Topic PreK–2 Grades 3–5 Grades 6–8 High School 
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   4.1 Differences among conduction, convection, and radiation in a 
thermal system. 
4.2 Conduction, convection, and radiation are considered in the 
selection of materials for buildings and in the design of a heating 
system. 
4.3 Environmental conditions influence the design of buildings. 
4.4 Alternatives to nonrenewable energies. 
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   5.1 Measure and calculate voltage, current, resistance, and power 
consumption in series and parallel circuits. 
5.2 Components of a circuit. 
5.3 Relationships among voltage, current, and resistance in a simple 
circuit, using Ohm’s law. 
5.4 Resistance is affected by external factors. 
5.5 Alternating current and direct current. 
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 Appendix II 
Additional Learning Activities  
for Grade PreK through Grade 8 
 
This appendix presents suggestions for additional activities to enhance the grades PreK 
through 8 learning standards in Earth and Space Science, Life Science, and Physical Sciences. 
 
Activities printed in regular type are Ideas for Developing Investigations and Learning 
Experiences. Those in italics are Suggested Extensions to Learning in 
Technology/Engineering and, at grades PreK–2 and 3–5, reference the related 
Technology/Engineering standards. Technology/Engineering standards for grades PreK–2 
can be found on page 85; for grades 3–5, they can be found on page 86. 
 
 
Earth and Space Science 
Grades PreK–2, page 25 
Standard #1 
• Use a hand lens to observe and describe the components and properties of a sample 
of soil (e.g., color, texture, presence or absence of clumps). Extend the examination 
to moist topsoil.  
• For grades 1–2, conduct the experiment above with thoroughly wet soil and sand. 
Observe again after all of the samples dry over night. 
Standard #2 
• Design and build a simple vehicle system that uses an air-filled, nonlatex balloon as 
an engine. Distinguish between naturally occurring and human-made materials on 
the vehicle. (T/E 1.2, 1.3) Safety note: Grades PreK–1 students should not be allowed 
to inflate balloons themselves. 
• Teacher demonstration: Hold a strip of paper in various positions around a fan to 
determine patterns in air movement. (T/E 1.1, 1.2) 
Standard #4 
• Record the outdoor temperatures in a sunny location and in a shady location. Discuss 
the reason for the difference in temperatures. 
• Grade 2: Conduct the above activity on a sunny day and then repeat on a cloudy day 
at the same times and locations. 
Standard #5 
• Observe, record, and discuss seasonal changes as they occur. 
• Design and build a “Rube Goldberg” type of machine that works in a loop, repeating 
the pattern. (T/E 1.3, 2.1) 
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 Earth and Space Science (cont.) 
Grades 3–5, pages 26–29 
Standard #1 
• Observe and describe the differences between quartz and mica. 
• With a hand lens, examine a sample of coarse sand containing many kinds of grains. 
Also examine a collection of local rocks. Observe that rocks usually contain grains of 
many different minerals and that sand grains can be pure minerals (e.g., quartz, mica). 
• Show examples of items made from minerals (e.g., jewelry, aluminum foil, cans, 
glass bottles). 
• Visit a glass factory, or an aluminum or tin production plant. (T/E 1.1, 1.2) 
• Arrange a visit with experts who work with minerals (e.g., gemologist). (T/E 1.1, 1.2) 
• Discuss how minerals are used in industry/technology (e.g., diamonds for drilling). 
(T/E 1.1) 
Standard #2 
• Acquire a collection of minerals that includes (a) duplicates of the same mineral that 
are somewhat different in appearance (size, shape, exact color) and (b) samples of 
minerals that look similar but are actually different. Sort as accurately as possible. 
Test all samples using three field tests: magnetism, streak, and hardness. Sort the 
minerals again if this new information changes prior conclusions about which 
samples are identical. 
• Use a field guide to identify the minerals that you have described above. Compare 
your list of physical properties with those given in the guide. 
Standard #3 
• Approximate the role of heat in the formation of metamorphic rocks. Use dry cereal, 
marshmallows, and chocolate chips to represent three different minerals. Study and 
record the properties of each “mineral.” Combine and bake. Study properties of the 
“rocks” and new “minerals” formed by heat. Contrast to preexisting “minerals.” 
• Approximate the role of pressure in the formation of metamorphic rocks. Snap 
wooden toothpicks in half, leaving them connected. Make similar piles of these 
“mineral grains” side by side on a tray. Place large books on top of one pile and 
press. Observe differences in the “rocks” brought about by pressure. 
• Explain how the toothpick activity can also be used to represent the role of pressure 
in forming sedimentary rocks. Now the uncompacted toothpicks represent fresh 
grains of sediment. 
• Illustrate the growth of crystals (important in forming both igneous and sedimentary 
rocks). Make concentrated solutions of various salts. Allow them to evaporate slowly 
and observe the formation of crystals. Commonly used salts include table salt 
(sodium chloride), alum, and Epsom salt. 
• Visit a facility that utilizes rocks and minerals in construction materials. (T/E 1.1, 1.2) 
Standard #4 
• Engage in composting (worm farms). 
• Construct a mini-landfill. Unearth and observe decomposition of buried waste (e.g., 
food, paper, plastic, metal). (T/E 2.1, 2.2, 2.3) 
Standard #5 
• Prepare different soil mixes using commercial potting soil, worm compost, and sand. 
Compare growth of plants in the different mixes. 
• Fill clear jars half full with soil samples, then fill with water, shake, let settle, and 
observe the layers. 
Standard #7 
• Watch national/international weather broadcasts. Discuss the relationships among 
precipitation, temperature, and location on the globe. 
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 Earth and Space Science (cont.) 
Grades 3–5, pages 26–29 (cont.) 
Standard #8 
• Create weather maps, using basic symbols showing weather patterns, precipitation, 
etc. Ask students to present their own weather reports to the class. 
• Grade 3: Watch local weather reports on television and in the newspaper. 
• Grades 4–5: Attempt to forecast the weather for the next day and explain reasons for 
the forecast. 
Standard #10 
• Demonstrate in the classroom evaporation, condensation, and precipitation. 
• Show on a diagram of the water cycle the effects of regional weather events, such as 
heavy rainstorms, heavy winter snow totals, and droughts. 
• Have students brainstorm and act out the water cycle (see Incredible Journey/Project 
WET in “Selected Websites for Science and Technology/Engineering Education,” 
page 153 of this Framework). 
• Place white flowers (e.g., carnation, rose) in a vase that contains water with food 
coloring added. Observe the change in flower color and relate observations to the 
uptake of pollution by plants. 
• Create a simple presentation showing the water cycle. (T/E 2.2) 
Standard #12 
• Visit local sites that show examples of the earth changing due to slow processes (e.g., 
schoolyard, coastline, erosion at Walden Pond) and rapid processes (e.g., localized 
erosion at Nauset Beach after a large storm). Document the changes using newspaper 
photographs. 
• Visit local sites that show the effects of glacial advance or retreat on the landscape 
(e.g., drumlins, kettle ponds). 
• Observe the effect of winter weathering on roads. 
• Discuss the scales used to measure earth events (e.g., the Richter Scale). (T/E 2.2) 
• Compare a beaver dam with a human-made dam. What effects on the environment 
does each have? (T/E 2.4) 
Standard #14 
• Create a model of the solar system and, using a flashlight, demonstrate the effects of 
Earth’s rotation and revolution. (T/E 2.2, 2.3) 
Standard #15 
• Demonstrate the various phases of the moon using a model (light source and sphere). 
 
Grades 6–8, pages 32–33 
Standard #1 
• Obtain a topographic relief map and a corresponding paper contour map of a coastal 
area (preferably in Massachusetts). Use both maps to demonstrate the changes in the 
coastline that would occur if the sea level were to rise by various amounts. 
• Use topographic maps to explain an environmental problem, its location, its cause, 
and a proposed solution. 
• Construct a clinometer. If suitable terrain is available, use a clinometer to determine 
the height of geologic features, the slope of surface features, and the slope of layers 
of strata. Substitute heights of architectural features and slopes of ramps if necessary. 
• From a contour map, build a model that shows the physical features of a selected area 
and the locations of wildlife/plants. 
• Use maps from different time periods to observe changes in landscape. 
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 Earth and Space Science (cont.) 
Grades 6–8, pages 32–33 (cont.) 
Standard #3 
• Using a thermometer, compare levels of heat absorption for white and black cans. 
• Investigate heat transfer by placing plastic, metal, and wooden spoons in hot water 
and determining how quickly they heat up (conduction). 
• Investigate heat transfer from a room by adding 50 ml of cold water to a cup or 
beaker. Stir it and record its temperature changes every few minutes over a ten-
minute period.  
• Investigate heat transfer to a room by adding 50 ml of warm water to a cup or beaker. 
Stir and record temperature changes every few minutes over a ten-minute period. 
Standard #6 
• Look at maps and photos to observe coastal changes. 
Standard #7 
• Study the local landscape and, if possible, an unbuilt terrain (e.g., a state park) for 
signs of glaciation (e.g., eskers, drumlins, kettle holes). Discuss whether any of these 
features give evidence as to which way the glacier that formed them was moving. 
Standard #8 
• Explain how a clinometer uses gravity to find the center of the earth, and puts that 
knowledge to use. Explain how part of this function could be carried out using a 
spirit level. 
Standard #9 
• Model solar and lunar eclipses using a dim bulb and two balls. 
• If possible, put out tide stakes covered in chalk to observe and measure the height of 
the tide. Observe changes over time and correlate to the phases of the moon. 
Standard #10 
• Model day and night using a dim bulb and a ball. 
• Use binoculars and telescopes to observe planets and the moon. Estimate the 
diameter of the largest and smallest craters you observe on the moon. Explain what 
you measured and how you calculated your answer. 
• Observe Mars, Venus, and Jupiter. Compare their observed color and brightness. Did 
you observe any moons accompanying any of these planets? Explain why or why not. 
• Record the location of the moon, Mars, Venus, and Jupiter relative to a nearby bright 
star. Repeat after about one week and one month. Explain the changes. 
 
 
Life Science (Biology) 
Grades PreK–2, pages 44–45 
Standard #1 
• Using string, mark out a circle of about two meters in diameter in the schoolyard or a 
nearby park. Have students survey the biodiversity of the circle. Younger students 
can look for leaves of different shapes and older students can find out how many 
different types of plants and animals are found in the circle. Ask how the living 
things in the circle might be different in different seasons, then test predictions by 
going out to see. 
• Design and build several cardboard boxes, each of which has a small round opening 
at a different location on the box. Cover newly germinating seeds with the various 
boxes and observe how the stems grow toward the light that comes through the 
openings. (T/E 2.3) 
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 Life Science (Biology) (cont.) 
Grades PreK–2, pages 44–45 (cont.) 
Standard #1 (cont.) 
• Build a terrarium containing plants and small animals (e.g., earthworms, other soil 
organisms, insects). Discuss the needs of living things and let the students participate 
in maintenance of the terrarium. (T/E 1.1, 1.2, 1.3) 
Standard #2 
• Examine a variety of nonliving and living things. Describe differences among them. 
• Sort and sub-sort pictures of living things into groups based on characteristics that 
you can see. 
Standard #3 
• Observe the changes in physical characteristics during the life cycle of a chick. Note: 
it is important to provide adequate incubation equipment, space, and housing 
facilities for the chicks. 
• Compare a bicycle wheel and other cycles in machinery. (T/E 2.2) 
Standard #6 
• Examine and compare human-made objects that are engineered to enhance the 
senses or to protect parts of bodies that are centers of the senses (e.g., hearing aids, 
gloves, glasses, ear plugs). (T/E 1.2, 2.2) 
Standard #7 
• Discuss animals that hibernate. Some examples from Massachusetts are the garden 
snail, box turtle, chipmunk, woodchuck, black bear, and bat. 
• In the fall, collect samples of the food items (seeds, nuts, grains) that a local 
chipmunk would store to eat while hibernating. Keep in a dry place over the winter. 
Notice that these foods do not spoil. Notice that they cannot be found outdoors in the 
winter. Discuss the high nutritional value of these foods for animals. 
• Discuss how animals’ fur changes to prepare for winter and compare with what 
humans do to prepare for winter. 
• Compare winter adaptations of wild mammals native to the area (e.g., squirrels, 
woodchucks, mice, raccoon, deer, bats, coyotes). 
• Discuss what happens to leaves that fall in the woods each year (decomposition). 
• Explore objects and technologies used to make human life comfortable during the 
four seasons and bring examples or pictures of examples from home (e.g., air 
conditioner, fan, winter coat, wool hat). (T/E 1.1, 2.1) 
Standard #8 
• Observe and discuss animals in their natural habitats. 
• Observe and record the names of plants and animals in your neighborhood or on a 
field trip, then prepare a field guide that describes these animals. 
• Choose an animal and provide students with a list of its habitat needs. Allow the 
students to imagine that they are that animal. Can they find what they need to survive 
(i.e., food, water, shelter/space)? 
• Explain how tools of technology such as glue, scissors, tape, ruler, paper, toothpicks, 
straws, spools, and other mechanical fasteners can be used to make or build animal 
habitats. (T/E 1.2, 1.3) 
• Using pencil and paper or graph paper as tools, sketch a drawing of the front view of 
an animal habitat made by humans. (T/E 1.3) 
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 Life Science (Biology) (cont.) 
Grades 3–5, pages 46–49 
Standard #2 
• Observe the cross-sections of various trees.  Determine the age of each tree, and 
relate the variation in distance between the circles of the cross-section to the variation 
in climate from year to year. 
• Compare the physical properties of hard and soft woods (density, hardness, knots) 
and relate those properties to the use of each type of wood in construction. (T/E 1.1) 
• Use magnifying glasses and/or microscopes to observe plant structures. (T/E 1.2) 
Standard #3 
• Follow the complete life cycle of a metamorphic organism such as a frog or a moth. 
Draw pictures of the organism at various stages of development.  
• Explore through pictures or videos the life cycle of a nonmetamorphic animal. 
Standard #5 
• Sort pictures of fish of the same species, noticing which traits vary (e.g., color 
pattern, size) and which do not (e.g., shape, number of fins). 
Standard #6 
• Build a human skeleton using found or recycled materials. 
• Compare heads, bodies, and tails of different types of fish. Explain how these 
adaptations help each type of fish survive. 
Standard #7 
• Discuss the challenges of living in a coastal environment. What are the 
environmental stresses facing plants and animals, and how do they adapt? 
Standard #9 
• Observe the ability of a sunflower or tulip to sense light intensity. 
• Observe plants’ responses to stresses in their environment (e.g., changes in salinity 
levels or flooding in the salt marsh). 
Standard #11 
• Compare a coastal food chain to an inland food chain. 
 
Grades 6–8, pages 51–53 
Standard #12 
• Discuss possible reasons for the extinction of dinosaurs (Sudden change in climate? 
Drought? Catastrophic geological events?). 
Standard #13 
• Discuss the dispersal of pollen by bees and other insects and how it enables the 
reproduction and propagation of plants. 
• Investigate the interactions of organisms in a local environment. 
• In a wooded area, observe the ecosystem contained in the leaf litter and discuss how 
it sustains the larger ecosystem of the forest. 
Standard #15 
• Observe and document the effects of decay on materials (e.g., fruits) left to rot.  
• Establish a compost bin. Analyze the decay of the contents and the gradual 
appearance of various organisms over time. 
• Investigate wetland soil. Discuss how organic material is broken down more slowly 
in anaerobic conditions. 
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 Life Science (Biology) (cont.) 
Grades 6–8, pages 51–53 (cont.) 
Standard #17 
• Research natural and human-caused changes in some of the large-scale ecosystems 
(biomes) on earth. 
• Use computer simulations to model the growth of plants on a plot of land, or a sand 
dune, or after a volcanic eruption. 
• Review the data (on websites) gathered by scientists who are conducting long-term 
ecological research. How are they monitoring rising sea levels? 
• Observe seasonal movement of barrier beaches. Compare jettied and non-jettied 
beaches. 
• Investigate the effects of a tidal restriction on a salt marsh. 
• Compare ecosystems with low and high biodiversity (e.g., salt marsh has low 
biodiversity, rainforest has high biodiversity). Discuss the timeframes in which 
species have adapted to their environment. 
 
 
Physical Sciences 
Grades PreK–2, page 63 
Standard #1 
• Group a variety of objects according to the characteristics that they share (e.g., 
height, shape, hardness). (T/E 1.1) 
• Mystery Tactile Box; 20 Questions about the objects in the box. (T/E 1.1) 
Standard #2 
• Choose six small transparent closed containers. In each of three, put a different small 
solid object (e.g., marble, screw, eraser). Partly fill each of the three remaining 
containers with a different liquid (e.g., water, oil, honey). Close all six containers and 
shake them. Note that all the solids share a property of definite shape, while liquids 
do not maintain their shape. 
• Observe water as it changes from a solid (ice) to a liquid (water). 
• Using a piece of paper, design a container that can be filled with water. Explore how 
many times the container can be filled with water before it falls apart. Discuss why 
some designs may be more effective than others. (T/E 1.1, 1.2) 
Standard #3 
• Use solid objects such as a ball, a cube, and a cone. First try to roll each object on a 
hard smooth level surface. Observe and describe its motion and the path it takes. 
Next, tilt the surface, place each object on it at the center and release the object. 
Observe and describe its motion and the path it takes. Repeat using various surfaces 
(e.g., rough, soft). 
• Design a simple structure that will roll (e.g., cylinder) using simple classroom tools 
and materials (e.g., construction paper, glue, paste, scissors, tape, straws). Change 
the design so that the structure will roll in a different direction. (T/E 1.3, 2.1) 
Standard #4 
• Measure the distance that objects move on a hard, smooth surface after being pushed 
or pulled with different force. Repeat using various surfaces (e.g., rough, soft). 
• Manipulate various objects. Observe the different methods (forces) that you can use 
to make objects move. Include pushing with a stick, pulling with a string, and 
pushing by blowing on a light object. 
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 Physical Sciences (cont.) 
Grades PreK–2, page 63 (cont.) 
Standard #5 
• Balance a large block of wood on a smaller one (fulcrum). Observe that adding some 
weight to one end of the large block will unbalance it. Find ways to keep it balanced 
by using two weights, one on each side of the fulcrum. 
 
Grades 3–5, pages 64–66 
Standard #1 
• Using a variety of objects, identify at least the main material the object is made of 
(e.g., wood, metal, paper, pottery/ceramic, plastic, glass). Discuss the function of the 
object and its parts. Discuss how the properties of the material(s) used are suited to 
the function of the overall object or some part of it. 
• Discuss the different materials that several common objects are made of, and the 
reasons that those specific materials may have been used. (T/E 1.1) 
Standard #6 
• Design and build a simple game using simple circuits. (T/E 1.2, 2.2) 
Standard #8 
• Design and construct a simple game or toy (prototype) that works because of 
electromagnets. (T/E 1.1, 1.2, 2.2, 2.3) 
Standard #9 
• Provide sealed field detectors (iron filings confined between sheets of plastic or iron 
filings sealed in oil). Use to show and draw magnetic fields in two and three 
dimensions. 
Standard #12 
• Design and build a periscope from cardboard and mirrors. (T/E 1.1, 1.2, 2.3) 
• Design and build a pinhole camera. Test the effects of light on light sensitive paper. 
(T/E 1.2, 2.3) 
 
Grades 6–8, pages 67–68 
Standard #3 
• Use measurements of weight and volume to find out if several solid metal objects are 
made of the same metal or different metals. Explain why some of your conclusions 
may be more definite than others. Give reasons based on accuracy of measurements 
and on the physical properties of metals, where applicable. 
Standard #4 
• Carry out a chemical reaction. Determine the masses of all reactants and all products. 
Discuss whether results support the conservation of mass, taking into account the 
sensitivity and accuracy of measuring equipment used. 
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 Appendix III 
Historical and Social Context for Science 
and Technology/Engineering: 
Topics for Study 
 
The following list of study topics is suggested for science and technology/engineering 
teachers who, together with their colleagues in social studies, history, economics, and other 
areas of study, may want to help students better understand the historical and social 
dimensions of science and technology/engineering. Study of these topics helps underline the 
extent to which scientific debate and technological change play a vital role in our local, 
regional, national, and international communities. Interested teachers should ensure that these 
topics are taught at appropriate grade levels and linked to content learning standards. The lists 
include suggestions for study only, and are not intended to be exhaustive in their scope. 
 
I. The history of science 
• Early and different attempts to understand the natural world 
• Science and technology in the ancient world (e.g., China, Greece) 
• The foundations for modern science in the 17th and 18th centuries 
• The development of modern science in the 19th and 20th centuries 
• Key figures, discoveries, and inventions (American and others) during the past four 
centuries 
• Major theories that changed humans’ view of their place in the world (e.g., the 
Copernican revolution and Darwin’s Theory of Evolution) 
• Social, religious, and economic conditions that supported or inhibited the 
development of science, technology, and/or engineering in various countries over the 
centuries 
 
II. The nature of science 
• Sources of the motivation to understand the natural world 
• Basis in rational inquiry of observable or hypothesized entities 
• Development of theories to guide scientific exploration 
• Major changes in scientific knowledge that stem from new discoveries, new 
evidence, or better theories that account for anomalies or discrepancies 
• Need to test theories, elimination of alternative explanations of a phenomenon, and 
multiple replications of results 
• Tentativeness of scientific knowledge (Theories are the best we know from the 
available evidence until contradictory evidence is found.) 
 
III. Benefits of science and technology/engineering 
• Major advances in standards of living in the 19th and 20th centuries (e.g., 
communications, transportation) 
• Continuous progress in personal and public health, resulting in increasing longevity 
• Key discoveries and inventions and their beneficial uses (e.g., radium and the X-ray) 
 
IV. Unintended negative effects from uses of science and technology/engineering 
• How government, industry, and/or individuals may be responsible for negative 
effects (discuss examples here in Massachusetts, the United States, and abroad) 
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 • Damage to the environment or ecosystems in this country and elsewhere (e.g., from 
pesticides, clearcutting, dumping of toxic wastes, overfishing, industrial reliance on 
soft coal for energy) 
• Some sources of damage or pollution (e.g., human ignorance, overuse or abuse of 
natural resources) 
• Unanticipated ethical dilemmas (e.g., genetic cloning, contraceptives) 
 
V. How science and technology address negative effects from uses of science and 
technology/engineering 
• Examples of products and systems that address negative effects (e.g., automobile 
emission control devices, ceramics in car glass, biodegradable plastic) 
• Costs and benefits of government regulations 
• How to balance risk-taking and creative entrepreneurial or academic activity with 
social, personal, and ethical concerns 
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 Appendix IV 
Safety Practices and Legal Requirements 
 
Safe practices are integral to teaching and learning of science and technology/engineering at 
all levels. It is the responsibility of each district to provide safety information and training to 
teachers and students, and the responsibility of each teacher to understand and implement 
safe laboratory practices. This section provides a description of the lab safety practices that 
are required by law, as well as resources that provide advice on general safety practices. 
 
Legally Required Safety Practices 
Safety Goggles 
 
Wearing protective goggles in school laboratories is required by Massachusetts law.  
Massachusetts G.L. Chapter 71, 55C reads as follows: 
 
Each teacher and pupil of any school, public or private, shall, while attending school 
classes in industrial art or vocational shops or laboratories in which caustic or 
explosive chemicals, hot liquids or solids, hot molten metals, or explosives are used 
or in which welding of any type, repair or servicing of vehicles, heat treatment or 
tempering of metals, or the milling, sawing, stamping or cutting of solid materials, or 
any similar dangerous process is taught, exposure to which may be a source of 
danger to the eyes, wear an industrial quality eye protective device, approved by the 
department of public safety. Each visitor to any such classroom or laboratory shall 
also be required to wear such protective device. 
 
Thus, all individuals in the lab are required to wear goggles if they are using any of the materials 
or procedures listed in the statute. It is critically important for teachers to make students aware 
of the hazards of working with chemicals and open flame in the laboratory and other settings, 
and to be sure they wear goggles to protect their eyes. (Wearing protective goggles is also an 
OSHA standard – 1910.133.) 
 
Treatment of Animals 
 
Animals should be treated with care and dissection should be confined to the classroom and 
undertaken for academic purposes.  
Massachusetts G.L. Chapter 272, 80G states: 
 
No school principal, administrator or teacher shall allow any live vertebrate to be 
used in any elementary or high school under state control or supported wholly or 
partly by public money of the state as part of a scientific experiment or for any other 
purpose in which said vertebrates are experimentally medicated or drugged in a 
manner to cause painful reactions or to induce painful or lethal pathological 
conditions, or in which said vertebrates are injured through any other type of 
treatment, experiment or procedure including but not limited to anesthetization or 
electric shock, or where the normal health of said animal is interfered with or where 
pain or distress is caused. 
 
No person shall, in the presence of a pupil in any elementary or high school under 
state control or supported wholly or partly by public money of the state, practice 
vivisection, or exhibit a vivisected animal. Dissection of dead animals or any portions 
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 thereof in such schools shall be confined to the class room and to the presence of 
pupils engaged in the study to be promoted thereby, and shall in no case be for the 
purpose of exhibition. 
 
Live animals used as class pets or for purposes not prohibited in paragraphs one and 
two hereof in such schools shall be housed or cared for in a safe and humane 
manner. Said animals shall not remain in school over periods when such schools are 
not in session, unless adequate care is provided at all times. 
 
The provisions of the preceding three paragraphs shall also apply to any activity 
associated with or sponsored by the school. 
 
Whoever violates the provisions of this section shall be punished by a fine of not 
more than one hundred dollars. 
 
For further discussion on the Board of Education’s policy on the dissection of animals, please 
consult Appendix V. 
 
Migratory Birds 
 
Individuals are not allowed to acquire live or dead migratory birds, nests, or eggs, or to use 
them as lab animals.
Under federal law, 16 U.S.C. 703 (a) states: 
 
[I]t shall be unlawful at any time, by any means or in any manner, to pursue, hunt, 
take, capture, kill, attempt to take, capture, or kill, possess, offer for sale, sell, offer to 
barter, barter, offer to purchase, purchase, deliver for shipment, ship, export, import, 
cause to be shipped, exported, or imported, deliver for transportation, transport or 
cause to be transported, carry or cause to be carried, or receive for shipment, 
transportation, carriage, or export, any migratory bird, any part, nest, or eggs of any 
such bird, or any product, whether or not manufactured, which consists, or is 
composed in whole or part, of any such bird or any part, nest, or egg thereof, 
included in the terms of the conventions between the United States and Great Britain 
for the protection of migratory birds concluded August 16, 1916 (39 Stat. 1702) 
 
Thus, it is illegal to acquire any migratory bird, whether alive or dead, or their eggs or nests, 
for any purpose, including for use within a classroom or lab. 
 
Mercury 
 
Schools are not to have mercury, including equipment or materials containing mercury, on 
the premises (with limited exceptions), and any mercury-added products must be disposed of 
appropriately.
Massachusetts G.L., Chapter 21H, 6G (as amended by Chapter 190 of the Acts of 2006, 
effective October 1, 2006) states: 
 
No school in the commonwealth shall purchase for use in a primary or secondary 
classroom elemental mercury, mercury compounds or mercury-added instructional 
equipment and materials, except measuring devices and thermometers for which no 
adequate nonmercury substitute exists that are used in school laboratories. This 
section shall not apply to the sale of mercury-added lamps or those products whose 
only mercury-added component is a mercury-added lamp or lamps. 
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 Massachusetts G.L., Chapter 21H, 6I (as amended by Chapter 190 of the Acts of 2006, 
effective May 1, 2008) states: 
 
(a) No person, household, business, school, healthcare facility or state or municipal 
government shall knowingly dispose of a mercury-added product in any manner other 
than by recycling, disposing as hazardous waste or using a method approved by the 
department [of environmental protection]. 
 
“Right to Know” 
 
Individuals who work with hazardous chemicals have a “right to know” the dangers and 
nature of these chemicals.
Massachusetts G.L., Chapter 111F, 7 (a) states: 
 
Except as otherwise provided by this section, an employer shall label with the 
chemical name each container in his or her workplace containing a toxic or 
hazardous substance. Said label shall also contain the proper NFPA [National Fire 
Protection Association] Code applicable to any contents of the container for which an 
NFPA Code has been published in NFPA 49, Hazardous Chemical Data, but only in 
those instances where the container contains more than five gallons or thirty pounds 
of materials to which the NFPA Code is applicable. 
 
Thus, lab managers must make sure that all posters, labels, material safety data sheets, etc., 
describing and explaining the dangers of hazardous chemicals are clearly displayed and 
current. 
 
 
Example of Safety Guidelines 
Science staff should actively work to set safety policies, expectations, and classroom 
practices for their school and district. Example safety guidelines for the science classroom are 
included on the following pages to facilitate staff discussion. This example is excerpted from 
Science and Safety: It’s Elementary (Council of State Science Supervisors), found at 
http://www.csss-science.org/safety.shtml. This is not necessarily a definitive list, nor does 
this constitute a definitive safety policy. This excerpt is included as an example for discussion 
and illustration. 
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Excerpt from Science and Safety: It’s Elementary (Council of State Science Supervisors)
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Excerpt from Science and Safety: It’s Elementary (Council of State Science Supervisors) 
 
 Additional Resources  
1) General Safety Advice 
Several websites provide lists of general safety guidelines. While these practices are 
commonly accepted, they are not officially endorsed by the Massachusetts Department of 
Education: 
 
• The Council of State Science Supervisors’ safety website, http://www.csss-
science.org/safety.shtml 
• Sargent-Welch, www.sargentwelch.com/html/pdfs/ScienceandSafety.pdf 
• Flinn Scientific, www.flinnsci.com  
• Laboratory Safety Institute, www.labsafety.org    
• National Institutes of Health (NIH), www.nih.gov/od/ors/ds/index.html 
• U.S. Department of Labor: Occupational Safety & Health Administration (OSHA), 
www.osha.gov  
 
2) OSHA Regulations 
The U.S Department of Labor, Occupational Safety & Health Administration (OSHA) has 
issued regulations for laboratory safety in the workplace that would be highly recommended 
for schools. The relevant OSHA regulations include the following (regulation numbers 
appear in parentheses): 
 
• Limiting the exposure to hazardous chemicals (1910.1450) 
(http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&
p_id=10106)  
o Lab managers should have a chemical hygiene plan, ensure that the proper 
protective gear is used, provide training for those working in the lab, etc. 
• Limiting the exposure to blood-borne pathogens (1910.1030) 
(http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&
p_id=10051)  
o Lab managers should have an Exposure Control Plan, provide hand washing 
facilities; ensure that lab workers wash hands right after the removal of 
gloves; dispose of contaminated needles and other sharp instruments in 
puncture-proof, non-leak containers; prohibit the application of cosmetics, 
changing of contact lenses and other such practices in the lab; provide proper 
protective eye, hand, and face protecting equipment, etc 
• Providing information about the hazardous chemicals in use in the lab (1910.1200) 
(http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS
&p_id=10099) 
o 1910.1200 (b) (1): All employers [must] provide information to their 
employees about the hazardous chemicals to which they are exposed, by 
means of a hazard communication program, labels and other forms of 
warning, material safety data sheets, and information and training. 
• Using hand protection when handling potentially dangerous substances (1910.138) 
(http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&
p_id=9788) 
o 1910.138 (a): Employers shall select and require employees to use 
appropriate hand protection when employees' hands are exposed to hazards 
such as those from skin absorption of harmful substances; severe cuts or 
lacerations; severe abrasions; punctures; chemical burns; thermal burns; and 
harmful temperature extremes. 
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 o 1910.138 (b): Employers shall base the selection of the appropriate hand 
protection on an evaluation of the performance characteristics of the hand 
protection relative to the task(s) to be performed, conditions present, duration 
of use, and the hazards and potential hazards identified. 
 
3) Safe Handling of Animals in General 
 
• Institute for Laboratory Animal Research (ILAR): Principles and Guidelines for the 
Use of Animals in Precollege Education, 
http://dels.nas.edu/ilar_n/ilarhome/Principles_and_Guidelines.pdf 
• Mid-Continent Association for Agriculture, Biomedical Research and Education 
(MAABRE), Do’s and Don’ts of Using Animals in the Classroom, 
http://www.maabre.org/animals_classroom.htm 
 
4) Bird Carcasses 
Teachers should not take bird carcasses found in the environment and use them for lab work. 
This practice spreads bird-borne diseases. For more information, check the following 
websites: 
 
• The Massachusetts Department of Public Health’s website, 
http://www.mass.gov/dph/cdc/epii/flu/avian_flu_faq.pdf 
• The Centers for Disease Control website, 
http://www.cdc.gov/healthypets/animals/birds.htm  
 
5) Safety Contract Examples 
 
• www.flinnsci.com/Documents/miscPDFs/Safety_Contract.pdf 
• www.labsafety.org/pdf/Student_Safety_Contract.pdf 
• sun.menloschool.org/~tbuxton/chembio/safety.html 
 
6) Safe Handling of Chemicals 
 
• Massachusetts Department of Environmental Protection (DEP), Massachusetts 
School Chemical Management Program Manual, 
http://www.mass.gov/dep/service/schlchem.pdf 
• Massachusetts Department of Labor, Division of Occupational Safety, School 
Laboratory Safety for Teachers and Laboratory Supervisors, 
http://www.mass.gov/dos/iaqdocs/iaq-403.htm 
• American Chemical Society, Safety for Introductory Chemistry Students, 
http://membership.acs.org/c/ccs/pubs/safety_for_intr_chem.pdf 
 
For more information on the dangers of mercury, see 
• Massachusetts Department of Environmental Protection (DEP), Municipal 
Collections of Mercury, 
http://www.cetonline.org/FarmBusiness/municipal_collections_of_mercury.htm#sch
ool 
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 7) Latex Balloons 
Latex balloons are a choking hazard for small children, and students of any age may have an 
allergic reaction to latex. For more information, check the following websites: 
 
• The American Academy of Family Physicians, 
http://www.aafp.org/afp/980101ap/reddy.html  
• The Health and Safety Executive site, http://www.hse.gov.uk/latex/about.htm  
• American Latex Allergy Association, 
http://www.latexallergyresources.org/ResourceManual/section5/balloons_busted-
jsonline.cfm 
• The Balloon Council’s website, 
http://www.balloonhq.com/BalloonCouncil/facts.html 
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 Appendix V 
Dissection and Dissection Alternatives in 
Science Courses:  Policies and Resources for 
Massachusetts Public Schools 
 
Introduction 
This Guidance Document (approved by the Board of Education, October 2005) is designed to 
assist district and school personnel in implementing the Board of Education’s policy 
regarding dissection and dissection alternatives in science courses. This document also 
provides a variety of alternative resources to actual dissection. 
 
State Policy 
The Board of Education approved policy on dissection and dissection alternatives states:  
 
All public schools that offer dissection as a learning activity should, upon 
written request by a student’s parent or guardian, permit a student who chooses 
not to participate in dissection to demonstrate competency through an 
alternative method. 
 
Biology teachers consider dissection to be an important educational tool. But dissection 
should be used with care. When animal dissection is considered, teachers should recognize 
that there are other experiences (e.g., computer programs) for students who choose not to 
participate in actual dissections. 
 
Further, as described in Massachusetts G.L. Chapter 272, 80G, and in Appendix IV, 
dissection should be confined to the classroom: “Dissection of dead animals or any portions 
thereof in . . . schools shall be confined to the classroom and to the presence of pupils 
engaged in the study to be promoted thereby and shall in no case be for the purpose of 
exhibition.” This law covers treatment of animals in school settings (not just dissection). 
Please refer to Appendix IV for further information concerning the treatment of animals and 
dissection in the classroom. 
 
Recommendations for School and Districts 
#1: Schools should be responsible about both the use of live animals and dissection of 
dead animals in the classroom. 
 
Schools and school districts should ensure that animals are properly cared for and treated 
humanely, responsibly, and ethically. The National Science Teachers Association’s 
recommendations on how to include live animals and dissection of dead animals in the 
classroom can be found at http://www.nsta.org/positionstatement&psid=44&print=y. 
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 #2: Schools should develop clear policies on dissection and dissection alternative 
activities. 
 
Schools and school districts should establish a written policy on courses that include animal 
dissection. The school policy should state that options are available for students who object to 
dissection activities and that, upon written request by a student’s parent or guardian, the 
school will permit a student who objects to dissection activities to demonstrate competency 
through an alternative method. The policy should specify the alternatives to dissection that 
are available to the student, and explain how a student may participate in an alternative to 
dissection upon written request of the student’s parent or guardian. 
 
The teacher (or other school authority) should specify in writing what is expected of the 
student participating in an alternative activity. Alternative activities should allow students to 
gain the same content knowledge as a dissection activity and should allow for a comparable 
investment of time and effort by the student. Students participating in the alternative project 
should be subject to the same course standards and examinations as other students in the 
course.  
 
The school’s policy on dissection and dissection alternatives should be included in the student 
handbook.  The school should also provide a copy of the policy at the beginning of the school 
year to all teachers of science courses that involve dissection. A sample school policy and 
sample form letter for parents/guardians are included at the end of this appendix. 
 
#3: Schools should include information about dissection in relevant course descriptions, 
and should clearly specify dissection alternatives in that information. 
 
When the school or school district publishes descriptions of the courses that it offers in the 
life sciences, the description for each course should specify whether dissection is part of the 
standard laboratory experience in that course. The course description should also state that 
alternatives to dissection are available for any student who objects to dissection and whose 
parent or guardian sends a written request to the school. 
 
 Information and Resources 
1. Guidance and position statements from various science organizations 
 
National Science Teachers Association. Position Statement on Responsible Use of Live 
Animals and Dissection in the Science Classroom. 2005. 
http://www.nsta.org/positionstatement&psid=44&print=y. 
 
Institute of Laboratory Animal Resources, Institute of Medicine, National Research Council, 
National Academy of Sciences, National Academy of Engineering. Principles and Guidelines 
for the Use of Animals in Precollege Education. 2006. 
http://dels.nas.edu/ilar_n/ilarhome/Principles_and_Guidelines.pdf
 
National Association of Biology Teachers. Position Statement on the Use of Animals in 
Biology Education. 2003. 
http://www.nabt.org/sub/position_statements/animals.asp
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 2. Resources on alternatives to dissection  
 
A number of organizations will loan alternatives, such as CD-ROMs (virtual dissections), 
models, and videos to students and schools. The following organizations have free lending 
libraries and will help teachers find a suitable alternative to a dissection activity. (Note: Often 
a security deposit is required but no charges are incurred unless the items are not returned or 
are returned damaged. The borrower is responsible for return shipping.)
 
The American Anti-Vivisection Society (AAVS) 
1-800-729-2287 
www.animalearn.org
 
The Ethical Science and Education Coalition (ESEC) 
617-523-6020  
 http://www.neavs.org/resources/index.htm
(This is a Boston-based organization that can provide teacher training.) 
 
The Humane Society of the United States (HSUS) 
301-258-3042 
http://www.hsus.org/animals_in_research/animals_in_education/humane_education_loan_pro
gram_help/materials_available_through_help.html
 
The National Anti-Vivisection Society (NAVS) 
1-800-888-6287 
Dissection Alternative Loan Program 
http://www.navs.org/site/PageServer?pagename=ain_edu_dissection_loan_program
 
 
 The following websites offer free alternatives to dissection: 
• Interactive Frog Dissection: An Online Tutorial 
(http://curry.edschool.virginia.edu/go/frog/) 
• Kidwings: Virtual Owl Pellet Dissection (http://www.kidwings.com) 
• Virtual Dissection Site: Crayfish, Earthworm, Squid, Frog 
(http://biology.about.com/cs/dissections/%0D) 
• Virtual Frog Dissection Kit (http://froggy.lbl.gov/) 
• Virtual Pig Dissection (VPD) (http://www.whitman.edu/biology/vpd/) 
• Anatomically Correct: The Online Cat Dissection 
(http://library.thinkquest.org/15401/learn.html) 
• Exploratorium’s Cow’s Eye Dissection 
(http://www.exploratorium.edu/learning_studio/cow_eye/index.html) 
• The Crayfish Corner (http://www.mackers.com/crayfish/) 
• Dissection of a Deer Tick 
(http://www.ent.iastate.edu/imagegal/ticks/iscap/tickdissection/) 
• The Heart: An Online Exploration (http://sln.fi.edu/biosci/heart.html) 
• University of Scranton’s Dissection of the Sheep Brain 
(http://academic.uofs.edu/department/psych/sheep/ieframerow.html) 
• Exploratorium’s Sheep Brain Dissection: The Anatomy of Memory 
(http://www.exploratorium.edu./memory/braindissection/index.html) 
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 The websites below list numerous dissection alternatives but are intended for information 
only. Teachers who identify an item on one of these databases that they want to borrow or 
purchase should contact the free lending libraries listed above. 
 
• Norina (http://oslovet.veths.no/NORINA/) 
• InterNICHE (http://www.interniche.org/alt.html - alt) 
• The Physicians Committee for Responsible Medicine (http://www.pcrm.org/) 
• Alternatives in Education Database (http://avar.org/alted_database.html) 
 
A special thanks to the New England Anti-Vivisection Society (www.neavs.org) and 
TEACHkind (www.teachkind.org/) for providing input to this list of dissection alternative 
resources. 
 
 
3. Sample School Policy and Sample Form Letter for Parents/Guardians 
 
A sample school policy and a sample form letter for parents/guardians are provided on the 
following pages. 
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 SAMPLE SCHOOL POLICY 
 
 
POLICY ON DISSECTION AND DISSECTION ALTERNATIVES 
 
In accordance with the 2005 Board of Education’s Policy on Dissection and Dissection 
Alternatives, our School/School District has developed the following policy. 
 
Participation in hands-on science is important to learning science, and dissections are a 
valuable learning experience in which all students are encouraged to participate.  When 
dissection is used in the classroom: 
 
? Teachers will thoroughly explain the learning objectives of the lesson and use written 
and audio-visual materials, as appropriate, to maximize the educational benefits of 
the experience. 
 
? All specimens will be treated with respect. 
 
? All students will be informed, prior to the dissection, that they have the option of 
discussing individual concerns about dissection with the appropriate teacher. 
 
? Upon completion of the dissection, the remains will be appropriately disposed of as 
recommended by the local board of public health. 
 
The science courses that include dissection also offer dissection alternatives.  Upon written 
request of a student’s parent or guardian, our school will permit a student who objects to 
dissection activities to demonstrate competency through an alternative method. 
 
Currently our school offers the following courses that include dissection: (name courses, such 
as: Biology, Honors Biology, and Anatomy and Physiology). Specific dissection and 
dissection alternative activities will be listed on the course syllabi, available to students 
before enrolling in these courses. 
 
Alternative activities may include: models (name models) and Internet programs (name 
programs) in place of dissecting (name organism). 
 
(Note: Schools may find it easier to provide a chart such as the one below.) 
 
Course Dissection Activity Dissection Alternative Activity 
   
   
   
 
 
The procedure for a student to participate in an alternative activity in place of 
dissection is as follows:  
 
• The student will notify the science teacher of the student’s choice to participate in an 
alternative activity in place of participating in a dissection. 
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 • 
• 
• 
• 
The student will submit a written request from his or her parent/legal guardian to the 
science teacher or to the school principal.   
 
The student will be provided an alternative activity to be determined by the teacher, 
who will specify in writing what is expected of the student. Alternative activities will 
allow students to gain the same content knowledge as the dissection activities and will 
require a comparable investment of time and effort by the student. 
 
The student will accept responsibility for completing the alternative activity within the 
assigned time and is expected to learn the same content knowledge as if the student 
were performing the dissection activity. 
 
The student will be subject to the same course standards and examinations as other 
students in the course. 
 
This policy is included in the student handbook and is also provided at the beginning of each 
school year to all teachers of science courses that involve dissection. 
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 SAMPLE PARENT/GUARDIAN FORM LETTER  
 
 
Note: A student’s parent/guardian is not required to use a particular form to request 
that the school provide the student with an alternative to dissection. This sample is 
provided for the convenience of school personnel and parents/guardians who wish to use 
it.   
 
 
 
 
 
 
 
Dear _____________________________(Principal or Teacher): 
 
I understand that participation in hands-on science is important to learning science and that 
dissections are an important component of comprehensive science and life science education.  
I also understand that alternatives to dissection are available and that, upon written request of 
a parent/legal guardian, the school will permit a student to demonstrate competency through 
an alternative method, such as computer simulations and other appropriate research activities. 
I further understand that students participating in alternative activities instead of dissection 
are subject to the same course standards and examinations as other students in the course. 
 
 
I request that my child, ____________________________________, be permitted to 
demonstrate competency through alternative activities rather than participating in dissection. 
 
Sincerely, 
 
 
________________________________ 
Signature of parent or legal guardian 
 
________________________________ 
Printed name of parent or legal guardian 
 
Date:____________________________ 
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 Appendix VI 
Curriculum Review Resources 
 
Several organizations have conducted textbook and/or curricular reviews of a range of 
materials available for science and technology/engineering classrooms. Each organization 
generally uses a consistent rubric in their review to highlight the features and design of each 
text or curriculum. Below are links to two organizations that have completed reviews of 
science texts and/or curricula. 
 
 
Education Development Center, Inc. (EDC) 
Curriculum Profiles 
http://cse.edc.org/work/k12dissem/materials.asp
 
 
American Association for the Advancement of Science (AAAS) 
Project 2061 Textbook Evaluations 
http://www.project2061.org/publications/textbook/default.htm
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 Appendix VII 
Criteria for Evaluating Instructional 
Materials and Programs in Science and 
Technology/Engineering 
 
 STRONGLY AGREE AGREE 
CANNOT 
JUDGE DISAGREE 
STRONGLY 
DISAGREE 
I. Scientific and Technological Contents 
Reflect the learning standards in the Science and 
Technology/Engineering Curriculum Framework 
    
Are scientifically and technologically accurate     
II. Features 
Provide descriptions of the achievements of historically 
important scientists and engineers 
    
Contain illustrations of contemporary children and adults 
that reflect the diversity of our society 
    
Include clear instructions on using tools, equipment, and 
materials, and on how to use them safely in learning 
activities 
    
Include a master source of materials and resources     
Provide student texts, booklets, or printed material and 
accompanying teacher manuals 
    
Provide coherent units that build conceptual 
understanding 
    
Provide for in-depth investigations of major scientific, 
technological, and engineering concepts 
    
Incorporate applications of science, technology, and 
engineering 
    
Highlight connections within science, technology, and 
engineering, and with mathematics and social sciences 
where relevant 
    
III. Learning Activities 
Involve students in active learning and inquiry     
Clarify appropriate use of instructional technology such 
as calculators and computers  
    
Show how instructional technology can help students 
visualize complex concepts, analyze and refine 
information, and communicate solutions 
    
Provide multiple ways for students to explore concepts 
and communicate ideas and solutions 
    
Are developmentally appropriate and provide for 
different abilities and learning paces 
    
Encourage discussion and reflection     
Draw on a variety of resources (e.g., trade manuals, 
measuring tools, other tools and machines, manipulatives, 
the Internet) 
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  STRONGLY AGREE AGREE 
CANNOT 
JUDGE DISAGREE 
STRONGLY 
DISAGREE 
IV. Teacher Support Materials 
Provide a clear conceptual framework for the concepts 
and skills taught 
    
Offer ideas for involving parents and community, and 
keeping them informed about the programs 
    
Give suggestions for a variety of pedagogical strategies, 
such as open-ended questioning, direct instruction, 
practice, discussion, and cooperative learning 
    
Reference resource materials, such as appropriate videos, 
file clips, reference books, software, video laser discs, 
long-distance learning, CD-ROMs, and electronic bulletin 
boards 
    
Suggest how to adapt materials for students with differing 
levels of achievement 
    
Suggest enrichment and skill reinforcement activities for 
extended learning 
    
Include suggestions for a variety of assessment 
approaches such as portfolios, journals, projects, and 
informal and formal tests 
    
V. Student Assessment Materials 
Are free of inappropriate or derogatory material     
Occur throughout the unit, not just at the end     
Incorporate multiple forms of assessment, such as oral 
presentations, written reports, teacher observations, 
performance assessments, quizzes, and pre- and post-tests 
    
Focus on the acquisition of skills and concepts as well as 
on the learning process 
    
VI. Program Development and Implementation 
Have field test data showing positive effects on student 
learning 
    
Are adaptable to local curriculum and/or school     
Offer training and long-term follow-up for teachers     
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References 
 
 
 
 
 Glossary of Selected Science and 
Technology/Engineering Terms  
 
Adaptation A modification of an organism or its parts that makes the organism more fit for 
existence under the conditions of its environment. 
Atmosphere The gaseous envelope of a celestial body (as a planet). 
Biotechnology Any technique that uses living organisms, or parts of organisms, to make or 
modify products, improve plants or animals, or to develop microorganisms for specific uses. 
Climate The average course or condition of the weather at a place, usually over a period of 
years, as exhibited by temperature, wind velocity, and precipitation. 
Communication The successful transmission of information through a common system of 
symbols, signs, behavior, speech, writing, and/or signals. 
Conductor A material capable of transmitting energy (e.g., heat, sound, electricity). 
Constraint A limit to the design process. Constraints may be such things as appearance, 
funding, space materials, or human capabilities. 
Construction The systematic act or process of building, erecting, or constructing buildings, 
roads, or other structures. 
Consumer An organism requiring complex organic compounds for food that it obtains by 
preying on other organisms or by eating particles of organic matter. 
Decomposer Any of various organisms (e.g., many bacteria and fungi) that return 
constituents of organic substances to ecological cycles by feeding on and breaking down dead 
protoplasm. 
Design An iterative decision-making process that produces plans by which resources are 
converted into products or systems that meet human needs and/or wants, or that solve 
problems. 
Design brief A written plan that identifies a problem to be solved, its criteria, and its 
constraints. The design brief is used to encourage consideration of all aspects of a problem 
before attempting a solution. 
Design process A systematic problem-solving strategy, with criteria and constraints, used to 
develop many possible solutions to solve a problem or satisfy human needs and/or wants, and 
to narrow down the possible solutions to one final choice. 
Ecosystem A community of organisms and their environment, functioning as an ecological 
unit. 
Electric circuit The complete path of an electric current, usually including the source of 
electric energy. 
Electric current A flow of electric charge. 
Energy The capacity for doing work. 
Engineer A person who is trained in and uses technological and scientific knowledge to 
solve practical problems. 
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 Engineering A profession involving the knowledge of mathematical and natural sciences 
(biological and physical) gained by study, experience, and practice, applied with judgement 
and creativity to develop ways to utilize the materials and forces of nature for the benefit of 
human-kind; work performed by an engineer. 
Engineering design The systematic and creative application of scientific and mathematical 
principles to practical ends, such as the design, manufacture, and operation of efficient and 
economical structures, machines, processes, and systems. 
Environment The complex of physical, chemical, and biotic factors (e.g., climate, soil, living 
things) that act upon an organism or an ecological community and ultimately determine their 
forms and survival. 
Erosion The gradual wearing away of rock or soil by physical breakdown, chemical solution, 
and/or transportation of material, as caused, for example, by water, wind, or ice. 
Food chain An arrangement of the organisms of an ecological community according to the 
order of predation, in which each uses the next, usually lower, member as a food source. 
Force An agency or influence that, if applied to a free body, results chiefly in an acceleration 
of the body and sometimes in elastic deformation or other effects. 
Fossil A remnant, impression, or trace of an organism of a past geologic age that has been 
preserved in the earth’s crust. 
Gas/gaseous state Gas is a state of matter. Gas molecules do not hold together at all, so gas 
spreads out in all directions, including straight up. Gas changes both its shape and its volume 
very easily. 
Habitat The place or environment where a plant or animal naturally or normally lives and 
grows. 
Heat The energy associated with the random motions of the molecules, atoms, or smaller 
structural units of which matter is composed. 
Igneous Formed by solidification of magma. 
Inherited To receive from ancestors by genetic transmission. 
Insulator A material that is a poor conductor of electricity, heat, or sound. 
Life cycle The series of stages in form and functional activity through which an organism 
passes between origin and expiration. 
Light An electromagnetic radiation in the wavelength range including infrared, visible, 
ultraviolet, and X-rays, traveling in a vacuum with a speed of about 186,281 miles (300,000 
kilometers) per second; specifically: the part of this range that is visible to the human eye. 
Liquid/liquid state Liquid is a state of matter. Liquid molecules hold together weakly, so 
liquids flow. Liquids do not change their volumes significantly but do change their shapes 
easily. 
Machine A device with fixed and moving parts that modifies mechanical energy in order to 
do work. 
Magnet An object that can attract certain metals, such as iron and nickel. It can also attract or 
repel another magnet, or the mineral lodestone. All magnets have a north-seeking pole and a 
south-seeking pole. 
Magnetic field Magnets and wires carrying electric current have a magnetic field. Magnetic 
fields interact to produce a force of attraction or repulsion. 
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 Manufacturing The process of making a raw material into a finished product, especially in 
large quantities. 
Material The tangible substance (chemical, biological, or mixed) that goes into the makeup 
of a physical object. One of the basic resources used in a technological system. 
Matter, states of  Matter ordinarily exists in one of three physical states: solid, liquid, or gas. 
A given object’s state depends on what the molecules are doing at the object’s current 
temperature and pressure, i.e., Are the molecules not holding together at all, holding together 
weakly, or holding together so tightly that they are locked into a stationary position? The 
transition between the states occurs at definite temperatures and pressures. A fourth state of 
matter, plasma (ionized gas in which the electrons are separated from the nuclei), can exist at 
extremely high temperatures. Plasma is found on the sun and other stars. 
Medium A substance regarded as the means of transmission for a force or effect. 
Metamorphic rocks A rock formed from preexisting rocks that were subjected to very high 
pressure and temperature, resulting in their structural and chemical transformation. 
Metamorphosis A marked and more or less abrupt developmental change in the form or 
structure of an animal (e.g., butterfly or frog) occurring subsequent to birth or hatching. 
Mineral A solid homogeneous crystalline chemical element or compound that results from 
the inorganic processes of nature.  
Natural material Material found in nature, such as wood, stone, gases, and clay. 
Orbit A path described by one body in its revolution about another (e.g., Earth about the sun, 
an electron about an atomic nucleus). 
Organism An individual self-sustaining unit of life or living material. Five forms of 
organisms are known: plants, animals, fungi, protists, and bacteria. 
Pitch The property of a sound, and especially a musical tone, that is determined by the 
frequency of the waves producing it: highness or lowness of sound. 
Plasma/plasma state Plasma is a state of matter, often called “the fourth state.” The atoms in 
plasma move around in all directions at high speed. Plasmas are usually very hot and they 
glow. The sun, northern lights, lightning, and the glowing “gases” in neon sign tubes and 
fluorescent lamp tubes are examples of plasmas. 
Precipitation A deposit on the earth of hail, mist, rain, sleet, or snow; also: the quantity of 
water deposited. 
Process 1. Human activities used to create, invent, design, transform, produce, control, 
maintain, and use products or systems; 2. A systematic sequence of actions that combines 
resources to produce an output. 
Producer Any of various organisms (e.g., a green plant) that produce their own organic 
compounds from simple precursors (e.g., carbon dioxide and inorganic nitrogen), and many 
of which are food sources for other organisms. 
Property A characteristic, attribute, or trait of an object. 
Prototype A full-scale working model used to test a design concept by making actual 
observations and necessary adjustments possible. 
Reflection The return of light or sound waves from a surface. 
Refraction Deflection from a straight path undergone by a light ray or energy wave in 
passing obliquely from one medium into another (e.g., from air into glass), in which its 
velocity changes. 
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 Resource In a technological system, the basic technological resources are energy, capital, 
information, machines and tools, materials, people, and time. 
Revolve To move in a curved path around a center or axis. 
Rotate To turn about an axis or a center. 
Sedimentary Rocks formed from materials deposited as sediment by water, wind, or ice, 
including debris of organic origin, and then compressed and cemented together by pressure. 
Simple machines The simple machines are the lever, pulley, and inclined plane, along with 
their most basic modifications, the wheel and axle, wedge, and screw. A complex machine is 
a machine made up of two or more simple machines. 
Sketch A rough drawing that represents the main features of an object or scene that is often 
made as a preliminary study. 
Solar system The sun together with the group of celestial bodies that are held by its attraction 
and revolve around it. 
Solid/solid state Solid is a state of matter. Solid molecules hold together very tightly and 
often line up in exact patterns, therefore, solids do not flow. Solids do not change their shapes 
or volumes. 
Sound A kind of energy contained in vibrating matter. Sound travels through solids, liquids, 
and gases. The eardrums convert this vibrational energy into signals that travel along nerves 
to the brain, which interprets them as voices, music, noise, etc. 
Streak The color of the fine powder of a mineral obtained by scratching or rubbing against a 
hard white surface and constituting an important distinguishing characteristic. Note: the 
streak color may be completely different from the color observed at the surface of the 
mineral. 
Synthetic material Material that is not found in nature (e.g., glass, concrete, plastics). 
System A group of interacting, interrelated, or interdependent elements or parts that function 
together as a whole to accomplish a goal. 
Technology 1. Human innovation in action that involves generating knowledge and 
processes to develop systems that solve problems and extend human capabilities; 2. The 
innovation, change, or modification of the natural environment to satisfy perceived human 
needs and/or wants. 
Technology education The study of technology, which provides an opportunity for students 
to learn about the processes and knowledge related to technology that are needed to solve 
problems and extend human capabilities. 
Texture The nature of the surface of an object, especially as described by the sense of touch, 
but excluding temperature. Textures include rough, smooth, feathery, sharp, greasy, metallic, 
and silky. 
Weather The state of the atmosphere with respect to heat or cold, wetness or dryness, calm 
or storm, clearness or cloudiness. 
Weight The force with which a body is attracted toward the earth or a celestial body by 
gravitation, and which is equal to the product of the mass and the local gravitational 
acceleration. 
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 Selected Websites for Science and 
Technology/Engineering Education 
 
 
General Science and Technology/Engineering Resources 
 
Website 
AAAS, Project 2061 www.project2061.org/research/curriculum.htm 
Ask a Scientist  
(U.S. Department of Energy-Office of Science Education) 
newton.dep.anl.gov/aasquest.htm 
Center for Improved Engineering & Science Education www.k12science.org 
Center for STEM Education at Northeastern University www.stem.neu.edu 
Discovery School school.discovery.com/ 
Eisenhower National Clearinghouse for Mathematics and 
Science Education 
www.goenc.com/ 
Exploratorium exploratorium.edu
Flinn Scientific flinnsci.com
Futures Channel, The www.thefutureschannel.com 
Jason Project, The jasonproject.org 
Knowledge Loom, The knowledgeloom.org 
Laboratory Safety Institute labsafety.org 
Massachusetts Department of Education www.doe.mass.edu 
Curriculum Frameworks www.doe.mass.edu/frameworks/current.html 
Massachusetts Comprehensive Assessment System 
(MCAS) 
www.doe.mass.edu/mcas/ 
Massachusetts Online Network for Education 
(MassONE) – searchable standards, lesson plan tools 
massone.mass.edu/ 
Museum Institute for Teaching Science (MITS, Inc.) 
List of museums, zoos, aquariums, etc. 
www.mits.org 
www.mits.org/resources.htm 
NASA Classroom of the Future www.cotf.edu/ 
NASA Education www.education.nasa.gov 
NASAexplores (lessons and articles based on current research 
and developments) 
www.nasaexplores.com/index.php 
NASA’s Kids Science News Network (KSNN) 
(Grades K–5) 
ksnn.larc.nasa.gov/home.html 
National Assessment of Educational Progress (NAEP) nces.ed.gov/naep3/ 
National Partnership for Quality Afterschool Learning www.sedl.org/afterschool/guide/science/ 
National Science and Technology Week nsf.gov/od/lpa/nstw/start.htm 
National Science Education Standards www.nap.edu/readingroom/books/nses/html/
National Science Foundation www.nsf.gov 
Public Broadcasting System’s (PBS) TeacherSource database pbs.org/teachersource/ 
Sargent-Welch:  
 General Space Guidelines (for Laboratories) 
 Safety/Teachability Review 
 
sargentwelch.com/article.asp?ai=21 
sargentwelch.com/article.asp?ai=23 
Teachers’domain  (media learning tools, lesson plan tools, 
professional development courses) 
www.teachersdomain.org 
TE-MAT (teacher education material reviews for science and 
math professional development) 
www.te-mat.org 
TERC (mathematics, science, and technology/engineering 
curriculum programs) 
terc.edu 
Trends in International Mathematics and Science Study 
(TIMSS) 
nces.ed.gov/timss/ 
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 General Science and Technology/Engineering Resources 
(cont.) 
 
Website 
Vermont Institutes www.vermontinstitutes.org 
Wright Center for Science Education, Tufts University www.tufts.edu/as/wright_center/ 
 
Earth and Space Science 
 
Website 
Center for International Earth Science Information Network 
(CIESIN) 
www.ciesin.org/ 
Christa Corrigan McAuliffe Center for Education and 
Teaching Excellence 
www.christa.org 
Incredible Journey/Project WET www.montana.edu/wwwwet/journey.html 
Learning Adventures in Environmental Science www.bellmuseum.org/distancelearning/belllive.
html 
Massachusetts Envirothon www.maenvirothon.org/ 
NASA’s Mars Exploration Program mars.jpl.nasa.gov 
Private Universe Project, The 
(The Annenburg/CPB Math and Science Project) 
www.learner.org/teacherslab/pup/index.html 
 
Life Science (Biology) 
 
Website 
Biodiversity Days  
(Massachusetts Association of Conservation Commissions) 
www.maccweb.org/biodiversity_days.html 
Biology resources list www.educationindex.com/biology/ 
Food Science and Technology www.foodscience.unsw.edu.au/ 
Resources for Food Science members.tripod.com/~kburge/HomeEc/foodscienc
e.html 
U. S. Food and Drug Administration -  
Center for Food Safety and Applied Nutrition 
vm.cfsan.fda.gov/~dms/educate.html#educators 
 
Physical Sciences (Physics and Chemistry) 
 
Website 
Amusement park physics www.learner.org/exhibits/parkphysics/ 
Hands on Plastic  www.teachingplastics.org/ 
Links for Chemistry Teachers www.chemistrycoach.com/links_for_chemistry_
teachers.htm 
aapt.org/PTRA/index.cfm Physics Teaching Resource Agents (PTRA)  
(American Association of Physics Teachers)  
 
Technology/Engineering 
 
Website 
Building Big, the PBS series www.pbs.org/wgbh/buildingbig/ 
Design It! Engineering in After School Programs cse.edc.org/products/curricula/designit/default.asp 
Discover Engineering discoverengineering.org 
Education Development Center, Inc. (science and 
technology/engineering projects) 
edc.org 
FIRST (For Inspiration and Recognition of Science & 
Technology) Lego League (integrates robotics technology 
into the LEGO building system) 
mindstorms.lego.com/ 
FIRST Robotics Competition www.usfirst.org/ 
How Stuff Works howstuffworks.com 
Internet Science Technology Fair istf.ucf.edu/ 
Journal of Technology Education scholar.lib.vt.edu/ejournals/JTE/ 
Junior Engineering Technical Society (JETS) www.jets.org 
Massachusetts Institute of Technology’s Technology Review www.techreview.com 
Museum of Science 
National Center for Technological Literacy (NCTL) 
www.mos.org 
www.mos.org/doc/1505 
National Engineers Week Future City Competition futurecity.org 
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Technology/Engineering (cont.) 
 
Website 
Preview of The New York State Department of Education’s 
8th-Grade Technology assessment 
www.emsc.nysed.gov/ciai/mst/techedtest/online.
html 
Project Lead the Way www.pltw.org/aindex.htm 
Tech Directions Online www.techdirections.com 
Technology Student Association www.tsaweb.org/ 
TechWeb www.techweb.com 
TryEngineering  www.tryengineering.org 
United States Department of Transportation www.dot.gov 
Science and Technology/Engineering Teacher Associations 
and Networks 
 
Website 
American Association of Physics Teachers  aapt.org 
American Society for Engineering Education www.asee.org 
Association for Science Teacher Education: Northeast umassk12.net/pvnet/ASTENE/ 
Building a Presence for Science science.nsta.org/bap/ 
Chemistry Teacher Support Group hschem.org 
International Technology Education Association iteaconnect.org 
Massachusetts Association of Science Teachers mast.nu 
Massachusetts Association of Conservation Commissions www.maccweb.org/ 
Massachusetts Biotechnology Education Foundation www.massbio.org/massbioed/index.php 
Massachusetts Earth Science Alliance mesa.terc.edu/index.html
Massachusetts Environmental Education Society www.massmees.org
Massachusetts Marine Educators massmarineeducators.org/index.php
Massachusetts Science Education Leadership Association msela.org/ 
Massachusetts Technology Education/Engineering 
Collaborative 
masstec.org/ 
National Association of Biology Teachers nabt.org 
National Earth Science Teachers Association www.nestanet.org 
National Science Teachers Association nsta.org 
New England Association of Chemistry Teachers neact.org 
Science, Technology, Engineering, and Mathematics Teacher 
Education Collaborative 
k12s.phast.umass.edu/~stemtec/ 
Secretaries Advisory Group on Environmental Education sagee.org 
Technology Education Association of Massachusetts www.awrsd.org/team/ 
 Appendix E: Annual Science Fair Materials 








 Appendix F: Course Syllabi 
Wachusett Regional High school page 1 of 1 
1401 Main Street 
Holden MA 01520 
Colleagues:  I would like to post all of our Syllabi on the Wachusett High School Web site. This may avoid frustration as the 
year progresses. It would be nice if they were all in the same format, but thatʼs asking a lot. PLEASE EMAIL ME A WORD 
VERSION OF EACH SYLLABUS!  Many of you updated your syllabi last year, though, so they should be pretty close to this: 
 
Course title, grade, and level 
Textbook 
Your Name and contact information (some teachers like to include degrees) 
 
Course Overview: You can use the write up that’s in the Ed Guide if you want.I can’t seem to find it 
on the WRHS web Site. It would make sense that it was there. I’ll see what I can do about that.  
Meanwhile I will put some on my front desk in room D115. 
This section should describe what the course covers and how it fits into graduation requirements. 
 
Learning Objectives:What should students expect to know and be able to do upon completing the 
course? State learning objectives in concrete terms whenever possible. Use action verbs such as ana-
lyze, explain, identify, apply, critically evaluate, demonstrate. In addition, you may wish to tie it all 
together with an overarching goal, which may be stated in more abstract terms: introduce, provide an 
in-depth understanding, etc. 
Course requirements & how students will be evaluated: Clearly spell out what will students have 
to complete in order to pass the class. Many instructors like to frame this as a positive statement, such 
as “In order to be successful in this course, students will. . . .” List exams, quizzes, written work, pro-
jects—along with the relative weight each will carry in computing final grades, and an indication of 
your grading philosophy. 
Policies: Attendance, late assignments, participation, rescheduling exams, etc. Include a statement 
about academic integrity. 
Extra help possibilities. 
 
Syllabus 
 
 
PHYSICS    Class Expectations 
Mr. Cranson 
 
• You will need to have EVERY DAY: 
o A 3-ring binder complete with lined paper:  You will keep all notes, handouts and classwork in your binder.  
(If done properly, you will not need a notebook.) 
o A basic function calculator.  Must be able to add, subtract, multiply, and divide.  
o You will be given a book to take home to help you with homework.  You will not bring it to class. 
 
• Grading Policy:  
o Chapter Tests: There will be an assessment at the end of each chapter of the book.  These assessments are 
announced, and class time is given for questions and review.  Chapter assessments count for 30% of the 
final grade. 
o  Lab Reports: Lab reports are an important tool in science.  They will be either formal or informal, and 
will count for 25% of your final grade. 
o Homework: Homework is a chance to practice concepts covered in class, or to introduce new concepts.  
Homework is given regularly and counts for 25% of your final grade. 
o Quizzes: Quizzes can be announced or unannounced, and will count for 20% of your final grade. 
 
Note: All homework assignments, Lab Reports, and class projects are due as scheduled. Anything late will be 
proportionally penalized.  Any work more than two days late is unacceptable.  Extensions may be granted if submitted 
PRIOR to the due date.   
 
• Cheating:  
o It is ridiculous that I have to include this as a section.  CHEATING IS NOT TOLERATED.  Only bad 
people cheat.  None of you are bad people.  Each one of you is a good person. 
o Anyone who is found to be cheating or HANDING IN THE WORK OF ANOTHER AS THEIR OWN 
will receive a zero for that assignment.  Please don’t. 
 
• Absences:  
o Making up missed assignments is the job of the student.  I will not come find you to tell you what you 
missed.  You need to find me. 
 
 
 
Classroom Rules: 
 
#1. In the grand scheme of things, you are a miniscule particle in this universe that will last for a blip of a fraction of the life 
of the universe.  I don’t want to make you feel bad.  On the contrary, I want you realize that every one of us deserves to be 
treated with kindness.  We are only here for a around 650,000 hours.  Let’s try to make each one a good one.  Those who 
can’t be kind can’t be here. 
 
#2. There can be no food or beverages.  This applies to lollipops and gum.  You may not have food in the halls either.  If you 
have food when you enter the class, make sure it goes away immediately and does not come back out. 
 
#3.  You must be on time every day.  This means BEFORE the bell.  I realize the corridors get congested with the 
construction.  You will receive detentions on your third tardy.   
 
#4.  Any electronic device that is not a calculator (I know your cell phone has a calculator on it… that doesn’t count) will be 
confiscated and may be picked up by a parent from your respective administrator.  IF YOU ARE PLAYING VIDEO 
GAMES ON YOUR CALCULATOR IT TOO WILL BE CONFISCATED – even if it is not yours.   
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Cut here and return bottom potion - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
I/We, the parent(s)/guardian(s) of  ________________________________ have read the above and understand what is 
expected of my/our student.  
SIGNED, _________________________________________________________  
Wachusett Regional High School 
1401 Main Street 
Holden, MA 10520 
Freshman Physics, grade 9 
Text: Conceptual Physics 3rd edition 
Instructor: Erin Marie Flanagan  
Contact: Erin_Flanagan@WRSD.net   
(508) 829-6771  ( I prefer e-mail) 
 
 
Course Overview: Freshman Physics is a physical science course specifically for ninth grade students beginning their 
high school science curriculum. The course will expand the students’ understanding of motion, properties of matter, 
sound, light, electricity and magnetism, all presented without requiring extensive mathematical background. All topics will 
incorporate basic scientific practices and methods. Projects, both individual and group, laboratory experiments, 
research, and other group activities will all be an integral part of the program. This program will provide a good 
foundation for future science courses. 
 
Learning Objectives:  
The main objective of this course is to excite students about the wonders of science while giving them the background to 
succeed in future science courses. 
 
Physics is fundamentally an experimental science.  The theories, laws and mathematical descriptions of the physical 
universe that have been created during the past 3000 years are based on the experience and observations of our 
ancestors.  This introductory physics course will integrated lecture and laboratory are so that the understanding of 
physics is enhanced by class discussion, personal reflections, observations, and experiments.   We will concentrate on 
examples and applications to real world situations. Although we will present topics in physical science, chemistry, earth 
and space science, and even some applications to life science, this course is essentially an applied introductory physics 
course without the extensive math that is used by the juniors and seniors in our college level physics course. The critical 
question in this course is not, “What do you know?” but rather, “How do you know what you know?” 
 
Students will be expected to design and conduct experiments and devise projects. In addition, they will share with and 
sometimes compete with other members of their class. Students will be expected to participate in group activities, 
research topics, use some simple (and sometimes very sophisticated) tools to collect and analyze data, discuss results and 
interpret the observations they have made. They will be challenged to make connections, solve problems, wrestle with 
contradictions, learn some historical background and distinguish between real science and pseudo (fake) science. They 
will learn how scientists think, and in doing so, they will come to know and own the questions of science and technology.  
 
Students will see how science directly or indirectly impacts virtually everything in the world around them, and how 
science affects them, now, and in their future. We will utilize all available resources to provide students with an 
atmosphere that is conducive to learning, so that they can be successful in their comprehension, and grow as an informed 
citizen in society. 
 
Grading 
Your grade will be based on professional judgment of your work using the following weighting scheme as a guide:   
Tests 25% 
Homework 25% 
Labs 25% 
Classwork 15% 
Participation 10% 
Total  100% 
 
• Honors Only- 4th quarter grades will reflect the research project as 50% and the above average as 50%. 
Syllabus 
 
 Tests 
There will be several announced full period tests during each quarter and a two- hour comprehensive final exam given 
every semester.  Questions on these exams will be based primarily on course assignments.  Emphasis will be based on the 
demonstration of the ability to apply concepts and techniques to new situations.  The instructor will also draw material 
for the exams from assigned problems, lab activities and oral presentations.  Students are required to take exams at the 
appointed time. If you are absent on the day of a test, you will be expected to make it up on the day of your return. 
 
 
Quizzes 
Unannounced quizzes may be given at any time.  They will cover material in homework, lab, or lecture.  These quizzes will 
vary in points and is a portion of the class work grade.  There will be no make-ups for some of these quizzes.  See 
handbook for exceptions. Your best assurance for doing well on quizzes is to come to class prepared. 
 
 
Lab Activities  
Both activity and formal written labs will be assigned. In the lab you will be using activity sheets, which will be handed 
out at appropriate times.  The entries on these handouts must be in your own words.  Although you may use the same data 
and graphs as your partner(s) and discuss concepts with your classmates, all entries should reflect your own 
understanding of the concepts and the meaning of data and graphs you are presenting.  The instructor will evaluate your 
entries.   
Formal Laboratory Reports 
The format and rubric for these labs will be given at a separate date. Formal labs are weighed more heavily than activity 
labs due to the extensive amount of work required. 
 
Classwork 
During class and lab sessions your willingness to discuss ideas with classmates, devise clever ways to measure and observe 
things, and make brief presentations using the board and other media in the front of the room are important aspects of 
your class participation in the course.    
You are expected to be participating actively in class and lab sessions at all times. 
 
The use of computer during scheduled lab periods is restricted to course related activities.  
 
Homework 
There is a strong correlation between the steady effort needed to successfully complete homework problems 
and high performance on examinations.  Each problem assignment is to be available for submission at the 
beginning of the class session on the date that it is due. (Assignments will be given regularly and can be found on 
the board ).    No late assignments will be accepted. See handbook for exceptions. 
 
The problem solutions should be submitted on an 8 1/2 x 11” sheet of paper headed with your name, the date, 
the period and the assignment summary.  In order to get full credit for a problem, the solution should contain a 
diagram of the physical situation, a brief written description of the situation and/or calculations. 
 
Other problems will be given on-line. The computer only scores answers but your success will require you to 
follow problem solving guide lines that include writing out your work. 
 
 NOTE: Homework assignments may not be handed in late. Lab reports and projects are due as 
scheduled. Late labs will be proportionally penalized!!! One- day late drops one letter grade. Two days 
late drops to 50%. Assignments more than 2 days late will not be accepted. “My printer was out of ink.” 
“There is something wrong with my computer.” “I didn’t have my book… notebook,,, calculator…at home.” “I 
had a concert last night” “I was in the play” “I left it in my locker.” ARE NOT VALID EXCUSES! 
 
  
Absences 
(WRHS- has an attendance policy – make sure you are aware of the consequences of frequent absences.) Any 
absence from class can give a student some difficulty in maintaining their average. Making up missed work is 
the responsibility of the student. The student needs to make every effort to find out the homework 
assignment and what material was covered in class. During the first few days of school you will be asked to 
exchange phone numbers with a homework buddy. If you’re absent be sure to get make up information and from 
your buddy. If an assignment or project is due on the day a student is absent, the student must make every 
effort to send the assignment (project) in with a friend or a sibling or at very least get it to me BEFORE school 
the next day.  All other work missed during a day of excused absence including quizzes, homework and labs must 
be made up within 3 days. Make up work is your responsibility.  
 
Academic Honesty 
You are encouraged to discuss and debate the ideas in any assignment with your teacher, lab partners, team 
members and other classmates.  If you work on assignments cooperatively, rather than independently, you may 
share ownership of a spreadsheet, graph and diagram files.  However, any written assignment must be expressed 
in your own words and reflect your own knowledge.  Thus you may not copy (even with modifications) problem 
solutions, activity sheet entries, or materials on examinations and/or quizzes.  If there is reasonable 
evidence of copying, it will be construed as an act of plagiarism.  In such cases, high school rules regarding 
academic dishonesty will be followed. A –100% will be given for the assignment and a 0% may be earned at the 
teacher’s discretion. This policy is also followed in regards to cheating or talking during (before and after) a 
test period. 
 
Required Materials  
1. TEXT:    CONCEPTUAL PHYSICS; 3rd Ed. (1999) Hewitt  
2. 3 ring binder (1” – 1 1/2”) 
3. 5 Dividers  
journal/homework/labs/test/equation 
4. Clear plastic ruler 
5. Scientific calculator  
6. Writing utensils  
7. Homework account 
8. Mind, body and spirit ready to learn 
9. Marble Notebook (Honor’s only) 
 Classroom Expectations and Responsibilities 
 
WHAT YOU CAN EXPECT FROM ME: 
To be prepared and on time 
To be respectful 
To have a positive attitude 
To teach to the best of my ability 
To be available for extra help 
To provide a learning environment for every student 
No homework on holidays! 
 
WHAT I EXPECT FROM YOU: 
To be on time and in your seat when the bell rings 
To be prepared for class (agenda, assignments, notebook, text, calculator, ruler, pencil) 
To be respectful (teachers, substitute teachers, all staff, & each other) 
To have a positive attitude 
To be on task and work to the best of your ability 
To follow directions first time given 
To understand that you are part of a learning environment 
 
OUR BENEFITS 
A pleasant atmosphere will be created 
Comfortable communications will take place between all of us 
Each of us will be allowed to strive to reach our maximum potential 
 
CONSEQUENCES FOR INAPPROPRIATE BEHAVIOR: 
Classroom disruptions will be dealt with in a quick and consistent manner. 
Warnings may be given as well as retentions both after class and after school. 
A parent/ guardian may be contacted 
A member of administration may be contacted 
 
We must work together to have a successful year!!! 
 
Wachusett Regional High school page 1 of 1 
1401 Main Street 
Holden MA 01520 
AF Physics, 9th grade 
Conceptual Physics, Paul G. Hewitt, Scott Foresman Addison Wesley, 3rd edition 
Ann M. Nann, B.S. Chemical Engineering Purdue University, MAT Clark University  
Course Overview: This course will provide students with a solid foundation in order to understand the 
other scientific disciplines.  The course fulfills one of the three years required for high school gradua-
tion.  Students will take the MCAS high school physics exam in the spring.  Students are required to 
pass one of the science MCAS exams in order to receive a diploma.  The course covers measurement, 
the scientific method, Newton's laws of motion, momentum, energy and work, heat transfer, waves, 
electricity, magnetism, and the electromagnetic spectrum.  Students will discover scientific concepts 
through hand-on laboratory experiments and will hone their math skills to solve problems. 
Learning Objectives: 
1. Students will be able to write lab procedures, make appropriate measurements and observations in a safe man-
ner, and analyze and interpret their results.  (MA Standard SIS1-SIS3) 
2. Students will be able to interpret and apply Newton's three laws of motion. They will be able to use free-body 
force diagrams and they will be able to describe the law of universal gravitation and the forces involved in cir-
cular motion.  (MA Standards 1.1-1.8) 
3. Students will be able to provide examples of conservation of momentum and will be able to explain how energy 
can be converted between gravitational potential energy and kinetic energy.  They will be able to define work 
and power.  Students will be able to calculate the momentum of an object.  (MA Standards 2.1-2.5) 
4. Students will be able to explain how heat is transferred. They will be able to describe the relationship between 
temperature and the average molecular kinetic energy.  Students will be able to describe phase changes. They 
will be able to calculate the amount of heat transferred to an object.  (MA Standards 3.1-3.4) 
5. Students will be able to describe the properties of waves and distinguish between mechanical and electromag-
netic waves and transverse and longitudinal waves.  They will be able to describe reflection and refraction of 
waves and why mechanical waves travel faster through solids than through liquids or gases.  Students will be 
able to describe the Doppler effect. (MA Standards 4.1-4.6) 
6. Students will be able to describe how electric charges tend to be static on insulators and move on and in con-
ductors.  They will be able to perform calculations with current, voltage, and resistance.  They will be able to 
analyze simple circuits.  Students will be able to describe how electricity is produced. (MA Standards 5.1-5.6) 
7. Students will be able to describe the electromagnetic spectrum. (MA Standards 6.1-6.2). 
Course requirements & how students will be evaluated: In order to be successful in this course, students 
will need to complete daily homework and weekly lab reports.  Homework is graded for effort, not for correct 
answers.  Labs are graded for completion of the specific parts of the lab report, neatness, accuracy of the data, 
and writing.  There will be weekly quizzes and chapter tests every 2-3 weeks. Full credit will only be given to 
students who have the correct answers with the proper units and significant figures.  Students will occasionally 
work in groups to complete activities or projects and their group effort will be graded. Each task is worth a 
specific number of points: daily homework is worth 3 points, quizzes are worth 10-50 points, group assign-
ments, projects, and labs are worth 20-100 points, tests are worth 100-200 points.  Grades are calculated by 
adding up the total points earned divided by the total possible points.  
Policies: Students who are tardy to class will receive a detention.  Students must bring their binder, pencil, and 
calculator to class every day.  Students are expected to make up any tests, quizzes, labs, or homework they 
have missed.  There is no food or drinks allowed in the classroom.  All MP3 players, phones, etc. will be confis-
cated and given to an administrator.  Students who cheat on a quiz or test or copy another's work (including 
homework) will receive a 0 and their administrator and their parents will be notified.   
Extra help possibilities: By appointment after school Monday, Tuesday, and Thursday until 3:30. 
 
Syllabus 
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Syllabus 
Freshman Physics 
Wachusett Regional High School 
 
Course Information: 
 Freshman Physics 
Grade 9 
H level 
Fills 1 year of 3 year graduation 
requirement in science 
Room M205 
Instructor: 
Carol Sullivan BA Physics, MA Physics 
SUNY Geneseo 
 Email- carol_sullivan@wrsd.net 
508.829.6771 ext 1637 
Extra help: before or after school, by 
appointment
TEXT:  CONCEPTUAL PHYSICS, 3rd ED. (1999) Hewitt 
 
Course Description 
 
Freshman Physics is a physical science course specifically for 9th grade students with a strong 
mathematical background beginning their high school science curriculum.  Using physics as a unifying 
theme, topics will integrate a wide range of disciplines, both within and outside the “standard” science 
arena.  The course will serve as: 
 
1. A logical and natural continuation of previous science courses, incorporating both review of studied 
concepts along with an emphasis on the subsequent extensions of these concepts and topics, and the 
introduction of new advanced topics and concepts. 
2. An opportunity to relate scientific concepts and principles to the everyday happenings of life and to 
other disciplines through examples and activities demonstrating these inter-relationships. 
3. A means to provide a wide range of “hands-on” activities that will be exciting and challenging. 
4. A necessary foundation to satisfy the state framework guides in science and technology and prepare for 
the Introductory Physics MCAS 
 
This course will expand the understanding of motion, energy conservation, thermodynamics (heat), waves 
(mechanical and electromagnetic), and electromagnetism. All topics will incorporate basic scientific 
practices and methods.  Projects, both individual and group, laboratory experiments, and research will all 
be integral parts of the program.  
 
Course Philosophy 
 
The main objective of this course is to excite students about the wonders of science while giving 
them the background to succeed in future science courses. 
This course is essentially an applied introductory physics course.  We will concentrate on 
examples and applications to real world situations not typically presented in a freshman science course. 
 
Students will be expected to design and conduct experiments and devise projects.  In addition, 
they will share with and sometimes compete with other members of their class.  Students will be expected 
to participate in group activities, research topics, use some simple (and sometimes very sophisticated) tools 
to collect and analyze data, discuss results and interpret the observations they have made.  They will be 
challenged to make connections, solve problems, wrestle with contradictions, learn some historical 
background and distinguish between real science and pseudo (fake) science.  They will learn how scientists 
think, and in doing so, they will come to know and own the questions of science and technology. 
Students will see how science directly or indirectly impacts virtually everything in the world 
around them, and how science affects them, now, and in their future. 
All available resources will be utilized to provide students with an atmosphere that is conducive to 
learning, so that they can be successful in their comprehension, and grow as an informed citizen in society. 
 
Note: A year-long independent research project is required for this class. 
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Course Objectives: 
 
1. To provide a solid foundation in the understanding and performance of selected scientific 
laboratory procedures necessary for future lab courses. 
 
2. To acquire knowledge of lab safety procedures used with various apparatus and techniques. 
 
3. To learn to accurately and precisely collect quantitative data. 
 
4. To encourage the exercise of reasoning skills based on information obtained by data 
collection and detailed sensory observations. 
 
5. To provide an opportunity for students to develop their ability to communicate by requiring 
students to take part in a collaborative learning process. 
 
6. To emphasize the importance of the analysis of collected data through proper mathematical 
techniques. 
 
7. To synthesize all qualitative and quantitative data acquired through each experiment in order 
to formulate a logical, well-substantiated and insightful conclusion that is consistent with the 
scientific method of inquiry. 
 
8. To learn the proper preparation and presentation of a laboratory report and to develop a 
working scientific vocabulary. 
 
 
But why Physics in the 9th grade? 
 
This is best answered by Kenneth W. Ford as he ends his acceptance speech for the Oersted Medal in 
January of 2006 with his feeling that “… teaching physics to ninth graders makes great good sense.” 
 
In his words, “ Now I come to math and physics.  This subject is related to the ninth grade physics issue 
because some opponents of teaching physics to ninth graders say that it can’t be done because the students 
aren’t ready for the necessary math. 
 “I agree that physics is a mathematical subject.  We should not pretend otherwise.  That’s one 
thing that sets it apart from the humanities.  But what is math?  Excuse me for the rough-and-ready 
definition, but I’d say it’s the logical relationships among things.   It’s not algebra or trigonometry or 
calculus.  It’s not just equations and the manipulation of symbols.   It’s not solving problems to get 
numerical answers. 
 “When you say that when one thing doubles, something else doubles, you are using math.  When 
you say that heat flows from a warmer to a cooler place, or that disorder tends to increase, you are using 
math.  When you ask why the full moon always rises at sunset, you are posing a mathematical question.  
When you say that forces of nature come in equal and opposite balanced pairs, or that any decrease of one 
kind of energy is accompanied by an equal increase in some other kind of energy, you are using math.  
When you explain why the products of radioactive decay have less mass than the decaying particles or 
nucleus, you are using math.  When you express an inverse-square dependence in words, you are using 
math. 
 “Also, when you display an equation and talk about it, trying to bring its dry symbols to life (when 
you use an equation as a “guide to thinking,” as Paul Hewitt likes to say), you are using math, 
 In fact, a great deal of math can be done with the English language.  Conceptual physics for 14-
year-olds, or the physics that might be taught to 7-year-olds, isn’t nonmathematical physics.  It is physics 
that leads up the ramp toward later, more formal treatments, if that’s where the student is going, or just 
toward a better understanding of the world around us and a better ability about technical issues.” 
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Policies-HFP    
C.Sullivan carol_sullivan@wrsd.net 
 
1. Each Student needs a 3-ringed notebook in which to keep all notes, in-class work, 
homework, class handouts, and lab reports.  (Filled with white-lined paper.) You will 
also need a calculator.  Your textbook, notebook, calculator, white-lined 
paper, and a pencil must come to class with you EVERY DAY.  
2. Chapter Tests will always be announced, with planned class time for review or 
questions.  These most often will be made up of a combination of multiple choice, 
problem solving, and short answer questions.  If you are absent from school 
on the day the test was given you will need to make it  up immediately 
upon return to school.  This Make-up Test may be different than the original. 
If you are absent for the review, you may have an extra day to prepare for the test. 
(60 – 200 points) 
3. Quizzes can be announced or unannounced. (2-50 points) 
4. Lab Reports Lab Reports will be a combination of formal, written reports  (see 
additional handout) and short answer, results-oriented reports. (20 – 100 points) 
5. Homework will be assigned and checked regularly.  This is a way for you to 
practice what you’ve learned and to make sure you can apply the principles to a 
multitude of problems. It is also a chance for you to find out where you need help 
and to ask the appropriate questions. You are responsible for 
homework assignments even if you are absent.  Make sure you have a 
phone number of someone in your class to call.  Homework every night 
is to review the material covered in class that day.  This is in addition to any 
assigned problems, readings, and worksheets. Class notes are considered “fair-
game” on pop quizzes. 
 
 
NOTE:  All homework assignments, lab reports, and projects are due as 
scheduled.  Anything late will be proportionally penalized!!!! One-day late- drops 
one letter grade.  Two days late- drops to 50%.  More than two days late will not be 
accepted. 
“My printer was out of ink.”  “There is something wrong with my computer.”  “I 
didn’t have my book… notebook….  calculator….at home.”  “I had a concert last 
night.”  “I was in the play.” ALL ARE NOT VALID EXCUSES!!! It is not a 
requirement that assignments be completed on a computer.  Hand-written work 
will be accepted with no deduction of grade.  I will also accept work on a disk or e-
mailed in an emergency situation. 
 
 
Academic Integrity- Any student caught giving or receiving answers will receive a zero 
for that work, and parents will be notified.  No exceptions! 
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Absences-  (WRHS has an attendance policy - make sure you are aware of the 
consequences of frequent absences.)  Any absence from class can give a student some 
difficulty maintaining their average.  Making up missed material is the 
responsibility of the student.  The student needs to make every effort to find 
out the homework assignment and what material was covered in class.  If an 
assignment or project is due on the day the student is absent, the student must make every 
effort to send the assignment (project) in with a friend or a sibling or at the very least get it 
to me BEFORE school the next day.  Otherwise it will be considered LATE. 
 
ϑ DO NOT USE RED PEN TO COMPLETE ANY 
ASSIGNMENT OR TEST 
 
ϑ Always write legibly-if I can’t read the answer, it will be marked incorrect. 
 
 
 
 
 
 
 
Note:  Honors Freshman Physics:  The year-long project is 50% of your 4th 
quarter grade. 
 
 NO LATE PROJECTS WILL BE ACCEPTED 
 
 
 
 
 
 
Grades will be calculated as follows: 
 Each of the graded items above will be given a point value of 2-100.  Your grade for 
that item will be # right out of the total point value.  Your grade for the quarter will be 
calculated by the total # of points you received divided by the total # of points possible.
 If you keep track of your grades as you get them back you can figure out your 
average at any time.  Just add up the number of points you have accumulated and divide 
by the total number of points possible and multiply by 100%.  You should not have to ask 
me for your average. 
 
It is easy to calculate your final grade.  Each term is 20%, and the mid term and final 
exams are each 10%. 
Biology, Grade 10, AE 
 
Textbook: Johnson, G.B. & Raven, P.H. (2001). Biology. Holt, Rinehart, Winston; New 
York, NY. 
 
Mr. John Schaper, e-mail: john_schaper@wrsd.net, homework information: 
www.schoolnotes.com (type in zip code, select file under my name) 
 
Course Overview:  
Biology AE is a full year laboratory science course designed for college preparatory 
students.  This course requires that you read scientific text for understanding in addition 
to using your strong math skills in scientific applications.   You will use the methods of 
science as a process for inquiry as we study topics such as cellular structure and function, 
molecular genetics, heredity, taxonomy and evolution.  
 
Learning objectives:  
The Biology AE course of study addresses each of the Biology Learning standards 
established by the Massachusetts Department of Elementary and Secondary Education. 
These standards can be found at their website www.doe.mass.edu . The content standards 
for biology require that students demonstrate knowledge of the following: the chemistry 
of life, cell biology, genetics, anatomy and physiology, evolution, biodiversity, and 
ecology.  
 
Course requirements  
 Come to class prepared to participate.  
 Keep your focus during class.  
 Make sure you are learning. Ask the questions you need to ask in order to 
understand.  
 Keep your work organized and in a three-ring binder.  
 Refer to your WRHS student handbook for information about making up 
assignments that are missed due to absence. 
 
Expectations of the teacher 
 I will tell you what you are going to learn each day.  
 I will assess your progress in learning and will tell you how you’re doing. 
 I will hold you to high standards of behavior and interaction with your classmates.  
  
Evaluation 
All aspects of your work in this course will be considered in determining your grade, 
these include: 
 Lab reports/Projects (25%) 
 Tests/Quizzes (40%) 
 Notebook checks (10%) 
 Homework (10%) 
 Participation (15%) 
 
Extra Help is available on Friday in the afternoon in Room D106 
 
 
Policies:  
 Homework assignments are due on the day stated. Late assignments will not be 
accepted except in the case of absence or documented learning plans. 
 Individual arrangements can be made in case of missed tests or labs due to 
absence 
 Every student is required to maintain a notebook containing class notes, handouts, 
homework and lab reports. A notebook check will occur near the end of each 
marking period.  
 Cheating, plagiarism and academic dishonesty will not be tolerated. Students 
suspected risk losing credit and may face disciplinary action.  
 
Rules 
 Be in your seat when the bell rings with the materials you need for class. 
 Respect the people, equipment, and furnishings of the room.  
 Adjust your voice level to suit the activity of the classroom. 
 Always listen carefully (remember others are trying to learn as well), raise your 
hand to contribute to discussions and follow directions the first time they are 
given. 
 Observe all rules in the student handbook. 
 
 
 
 
 
 
I have read and understand the material outlined in the syllabus.  
 
Student Name__________________________________________________ 
 
Student Signature_______________________________________________ 
 
Parent Signature________________________________________________ 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AE, 2008-2009 
  
Overview 
• Biology AE is a full year laboratory science course designed for the college 
bound student.  The course requires high reading comprehension along with 
strong writing and math skills.  You will learn about the nature of life through lab 
work, discussion, class lecture, assigned readings, and creative projects.   
 
The topics covered during the year will include: 
• Scientific method & the nature of biology 
• Chemistry of life 
• Structure and function of cells 
• Genetics 
• Evolution & Biodiversity 
• Ecology  & populations 
• Anatomy & physiology 
 
Expectations 
• Be respectful of myself and other students. 
• Come prepared to learn with a pen, notebook, and homework. 
• Be invested in your learning.  Pay attention and ask questions! 
• Come to class on time and stay in your seat until the bell rings each day. 
• Do your own work.  Anyone cheating will receive a 0 for the assignment in 
question and I may call home to speak to a guardian.  Cheating is considered 
giving or receiving answers. 
• Respect and care for the classroom. 
• Please follow all school rules in my classroom.  For example, only water may be 
allowed in class and please don’t bring cell phones and other electronics to class. 
• Every three tardys to class will result in a teacher detention.   You must be in 
class on time to avoid disrupting your fellow classmates. 
 
Text 
• Johnson, George B. & Raven, Peter H. (2001). Biology Principals & 
Explorations. Hold, Rinehart and Winston Publishers, Austin, TX. 
• Cover your book and take care of it!  Books must be returned in the same 
condition as when you received them! 
 
Notebooks 
• A notebook is required for each student.  (Preferably a loose-leaf three-ring 
binder). 
• Keep your binder organized by chapter. 
• Keep all handouts, worksheets, homework, and lab reports in your binder. 
• Binders/notebooks may be evaluated periodically. 
 
 
Hanging Files 
• I provide each student with a file in the classroom. 
• I will return many of your graded assignments to this folder. 
• You should keep graded work, loose papers, and labs in the file to use for test 
review. 
  
Grading Policy 
• I use a total points grading system. 
• There may be up to five major factors that effect your grade: Tests, Quizzes, 
Labs, Homework and Notebooks. 
• Tests are worth 150 points. 
• Quizzes will normally range from 25 to 50 points. 
• Homework will be graded as full credit, half credit, or zero credit based on 
completion and effort.  (I may occasionally give HW a percent grade.)  It will be 
factored into your grade as one 100-point assignment towards the end of each 
term. 
• Notebook checks may be factored in as 25 to 50 points at any time. 
• Lab grades will be worth 50 to 75 points depending on time and difficulty. 
• I will periodically offer to show grades at the end of a class period; however you 
may check with me at any time for your grade if you have any concerns. 
 
Assignment/Homework Expectations 
• All work is to be turned in the day after it is assigned (or the next day the class 
meets) unless otherwise noted. 
• All assignments must have your name, period, and date clearly written at the 
top of the first page. 
• Staple together multiple pages. 
• Half credit is given for most assignments that are one day late. 
• It is your responsibility to put your assignment in the appropriate class bin on 
the day it is due. 
 
Absences 
• Exchange your number with other students in class so you can find out what you 
missed if you’re absent.  You may also e-mail me for missed work. 
• If you are absent the day an assignment is due you are expected to hand it in to me 
the day you return as stated in the student handbook. 
• If you miss a test due to absence you must make up the test within three days of 
returning to school.  Make-up tests will contain the same material as the original 
exam, but they will be essay style so please come prepared! 
• All make-up work will be placed in your student folder.  You should speak with 
me to decide a due date. 
• Please see the student handbook section “Making UP Work Missed When 
Absent” for details.  
• It is your responsibility to deal with absences!   
 
Poor Behavior Consequences 
• I’m sure we will rarely have to deal with behavioral issues in my class since 
biology is so fascinating and fun to study, however, there are three levels of 
consequences in my classroom. 
• 1) Warning/Separation- The warning may be verbal or written.  If the student is 
refusing to cooperate I may ask him/her to sit in a different part of the room or in 
the hallway. 
• 2) Detention- I will ask the student to stay after school.  My detentions run from 
2:20-3:00 and students must come prepared to work during that time period.  We 
will also discuss the infraction and some possible solutions. I may call home to 
speak with a parent/guardian.  If a student skips a teacher detention he or she will 
be written-up and assigned office detentions by the administration. 
• 3) Contact Parent/Guardian- If inappropriate behaviors persist a parent/guardian 
will be contacted and we may meet with an administrator to discuss the issues and 
design a behavior contract.  The student, his/her parent/guardian, and myself will 
all sign the contract. 
 
Extra Help 
• Mornings are a great time to stop by to ask me quick questions. 
• Tuesdays, Thursdays, and Wednesdays (1st and 3rd of each month) are normally 
good days for extra help.  I will always be happy to meet with you, but please let 
me know one day in advance so I will be prepared. 
 
Teacher Website 
• I have a webpage at www.teacherweb.com. 
• I will update it periodically so you can go there to print out current power point 
presentations. 
• There are many helpful links available on the website as well. 
• I do not keep current homework assignments on the website.  Please copy them 
off the board during each class. 
 
Contacting Me 
      •    If you’re parent/guardian would like to contact me it is best to send an e-mail at 
Stephanie_davis@wrsd.net.  
• I also check my phone messages weekly. 
 
 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AE, 2008-20089 
 
 
Please sign below to indicate that you and your parent/guardian have read this syllabus 
carefully and that you agree to conform to the aforementioned classroom rules. 
 
 
 
Student name: _________________________________________ 
 
 
Student signature: __________________________________________ 
 
 
Parent/Guardian signature: _______________________________________ 
Course: Biology – Academic Enrichment 
Teacher: Mr. Denis Bernard 
Email:  denis_bernard@wrsd.net 
Text:  Biology by Holt, Rinehart & Winston 
Year:  2008 – 2009 
 
Course Description: 
A full year course designed for the college preparatory student.  The goal of the course is the 
student’s understanding of the living world.  Learning is achieved in integrated ways by active 
participation in the process of science through hands-on activities, laboratory work, class 
discussions and cooperative learning.  The course requires a high reading comprehension and 
good mathematics background.  The main topics covered are the Scientific Method, the chemical 
basis of life, the Cell Theory with emphasis on cell processes, energy in living systems, the 
Chromosome Theory of Inheritance, genetics, the evolution of life and taxonomy.  Students who 
attend class regularly, study at home and keep up with assignments are very successful in this 
course. 
 
Grading: 
Grading is determined on a points basis.  Lab papers, homework assignments and quizzes are 
given a small number of points (ex.10 or 50 points).  Tests are generally worth 100 points.  The 
amount of material covered and level of difficulty corresponds to the amount of points that the 
assignment is worth.  At the end of the term, the total number of assigned points is divided into 
the number of points earned by the student and a percentage or average is obtained. 
 
Classroom expectations: 
Students are expected to arrive to class on time.  Students are expected to have notebooks and 
necessary materials with them every day. A three-ringed binder is recommended for the many 
hand-outs, worksheets and other supplements given out in class.  These papers should be kept 
organized for review purposes and for use in class.  Students should read the text and use it as a 
supplement to their class notes.  Students should read over their notes on a daily basis.  Students 
will work in small groups and are expected to cooperate and interact with classmates. All cell 
phones, iPods and other electronics will be confiscated if seen/heard in class.  No food or drink, 
including water, will be allowed in the classroom for health and safety reasons. 
 
General Information: 
It is the student’s responsibility to obtain class assignments prior to attending fieldtrips.  The 
work must be completed on time; otherwise this will count as an absence according to 
Wachusett’s Attendance policy.   
 
Homework assignments must be completed before the class period that they are due.  Late 
assignments will be accepted no more than one day after they are due.  The maximum amount of 
credit one can earn on a late assignment will be 50% of the earned grade.  Late assignments will 
not receive any credit if the assignment has been discussed in class.  Any missed labs will need 
to be made up within one week of the lab or the student will earn a zero for the lab. I will 
schedule the day for after school lab and test make-up work. 
 
 
I will be available for make-ups and to answer questions after school in room D209.  I do not 
have a set day that I stay for help and make-ups.  I will announce to the class which afternoon I 
will be available after school.  Please let me know in advance if you are planning on staying.  
 
Plagiarism or copying of any material as well as cheating will not be tolerated.  All individuals 
involved will earn a zero.  Parents and the appropriate administrator will be notified.  
 
If parents need to reach me they can email me or call the school (508-829-6771) and notify the 
student’s guidance counselor. 
 
 
Please read the attached Laboratory Safety Rules and then sign, date and return 
the Acknowledgement Page to Mr. Bernard. 
 
 
 
 
Acknowledgement Page 
 
I acknowledge having received and understand the terms outlined in the  
AE Biology Syllabus, as well as, the Laboratory Safety Rules and will abide by 
all rules and expectations as set forth.   
 
Please sign, date and return to Mr. Bernard 
  
Student Name: ___________________________________________ 
 
Student Signature: ________________________________________ Date _______ 
 
Parent Signature: _________________________________________ Date _______ 
 
 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AE, 2008-2009 
  
Overview 
• Biology AE is a full year laboratory science course designed for the college 
bound student.  The course requires high reading comprehension along with 
strong writing and math skills.  You will learn about the nature of life through lab 
work, discussion, class lecture, assigned readings, and creative projects.   
 
The topics covered during the year will follow the Mass state frameworks and will 
include: 
• Scientific method & the nature of biology 
• Chemistry of life 
• Structure and function of cells 
• Genetics 
• Evolution & Biodiversity 
• Ecology  & populations 
• Anatomy & physiology 
 
Expectations 
• Be respectful of myself and other students. 
• Come prepared to learn with a pen, notebook, and homework. 
• Be invested in your learning.  Pay attention and ask questions! 
• Come to class on time and stay in your seat until the bell rings each day. 
• Do your own work.  Anyone cheating will receive a 0 for the assignment in 
question and I may call home to speak to a guardian.  Cheating is considered 
giving or receiving answers. 
• Respect and care for the classroom. 
• Please follow all school rules in my classroom.  For example, only water may be 
allowed in class and please don’t bring cell phones and other electronics to class. 
• Every three tardys to class will result in a teacher detention.   You must be in 
class on time to avoid disrupting your fellow classmates. 
 
Text 
• Johnson, George B. & Raven, Peter H. (2001). Biology Principals & 
Explorations. Hold, Rinehart and Winston Publishers, Austin, TX. 
• Cover your book and take care of it!  Books must be returned in the same 
condition as when you received them! 
 
Notebooks 
• A notebook is required for each student.  (Preferably a loose-leaf three-ring 
binder). 
• Keep your binder organized by chapter. 
• Keep all handouts, worksheets, homework, and lab reports in your binder. 
• Binders/notebooks may be evaluated periodically. 
 
 
Hanging Files 
• I provide each student with a file in the classroom. 
• I will return many of your graded assignments to this folder. 
• You should keep graded work, loose papers, and labs in the file to use for test 
review. 
  
Grading Policy 
• I use a total points grading system. 
• There may be up to five major factors that effect your grade: Tests, Quizzes, 
Labs, Homework and Notebooks. 
• Tests are worth 150 points. 
• Quizzes will normally range from 25 to 50 points. 
• Homework will be graded as full credit, half credit, or zero credit based on 
completion and effort.  (I may occasionally give HW a percent grade.)  It will be 
factored into your grade as one 100-point assignment towards the end of each 
term. 
• Notebook checks may be factored in as 25 to 50 points at any time. 
• Lab grades will be worth 50 to 75 points depending on time and difficulty. 
• I will periodically offer to show grades at the end of a class period; however you 
may check with me at any time for your grade if you have any concerns. 
 
Assignment/Homework Expectations 
• All work is to be turned in the day after it is assigned (or the next day the class 
meets) unless otherwise noted. 
• All assignments must have your name, period, and date clearly written at the 
top of the first page. 
• Staple together multiple pages. 
• Half credit is given for most assignments that are one day late. 
• It is your responsibility to put your assignment in the appropriate class bin on 
the day it is due. 
 
Absences 
• Exchange your number with other students in class so you can find out what you 
missed if you’re absent.  You may also e-mail me for missed work. 
• If you are absent the day an assignment is due you are expected to hand it in to me 
the day you return as stated in the student handbook. 
• If you miss a test due to absence you must make up the test within three days of 
returning to school.  Make-up tests will contain the same material as the original 
exam, but they will be essay style so please come prepared! 
• All make-up work will be placed in your student folder.  You should speak with 
me to decide a due date. 
• Please see the student handbook section “Making UP Work Missed When 
Absent” for details.  
• It is your responsibility to deal with absences!   
 
Poor Behavior Consequences 
• I’m sure we will rarely have to deal with behavioral issues in my class since 
biology is so fascinating and fun to study, however, there are three levels of 
consequences in my classroom. 
• 1) Warning/Separation- The warning may be verbal or written.  If the student is 
refusing to cooperate I may ask him/her to sit in a different part of the room or in 
the hallway. 
• 2) Detention- I will ask the student to stay after school.  My detentions run from 
2:20-3:00 and students must come prepared to work during that time period.  We 
will also discuss the infraction and some possible solutions. I may call home to 
speak with a parent/guardian.  If a student skips a teacher detention he or she will 
be written-up and assigned office detentions by the administration. 
• 3) Contact Parent/Guardian- If inappropriate behaviors persist a parent/guardian 
will be contacted and we may meet with an administrator to discuss the issues and 
design a behavior contract.  The student, his/her parent/guardian, and myself will 
all sign the contract. 
 
Extra Help 
• Mornings are a great time to stop by to ask me quick questions. 
• Tuesdays, Thursdays, and the 1st and 3rd Wednesdays of each month are normally 
good days for extra help.  I will always be happy to meet with you, but please let 
me know one day in advance so I will be prepared. 
 
Teacher Website 
• I have a webpage at www.teacherweb.com. 
• I will update it periodically so you can go there to print out current power point 
presentations. 
• There are many helpful links available on the website as well. 
• I do not keep current homework assignments on the website.  Please copy them 
off the board during each class. 
 
Contacting Me 
      •    If you’re parent/guardian would like to contact me it is best to send an e-mail at 
Stephanie_davis@wrsd.net.  
• I also check my phone messages weekly. 
 
 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AE, 2008-20089 
 
 
Please sign below to indicate that you and your parent/guardian have read this syllabus 
carefully and that you agree to conform to the aforementioned classroom rules. 
 
 
 
Student name: _________________________________________ 
 
 
Student signature: __________________________________________ 
 
 
Parent/Guardian signature: _______________________________________ 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AF, 2008-2009 
  
Overview 
• Biology AF is a full year laboratory science course designed for the college bound 
student.  The course requires high reading comprehension along with strong 
writing and math skills.  You will learn about the nature of life through lab work, 
discussion, class lecture, assigned readings, and creative projects.   
 
The topics covered during the year will follow the Mass state frameworks and will 
include: 
• Scientific method & the nature of biology 
• Chemistry of life 
• Structure and function of cells 
• Genetics 
• Evolution & Biodiversity 
• Ecology  & populations 
• Anatomy & physiology 
 
Expectations 
• Be respectful of myself and other students. 
• Come prepared to learn with a pen, notebook, and homework. 
• Be invested in your learning.  Pay attention and ask questions! 
• Come to class on time and stay in your seat until the bell rings each day. 
• Do your own work.  Anyone cheating will receive a 0 for the assignment in 
question and I may call home to speak to a guardian.  Cheating is considered 
giving or receiving answers. 
• Respect and care for the classroom. 
• Please follow all school rules in my classroom.  For example, only water may be 
allowed in class and please don’t bring cell phones and other electronics to class. 
• Every three tardys to class will result in a teacher detention.   You must be in 
class on time to avoid disrupting your fellow classmates. 
 
Text 
• Miller, K.R. & Levine, J. (2001). Biology. Prentice Hall Publishers, Upper Hill, 
NJ. 
• Cover your book and take care of it!  Books must be returned in the same 
condition as when you received them! 
 
Notebooks 
• A notebook is required for each student.  (Preferably a loose-leaf three-ring 
binder). 
• Keep your binder organized by chapter. 
• Keep all handouts, worksheets, homework, and lab reports in your binder. 
• Binders/notebooks may be evaluated periodically. 
 
 
Hanging Files 
• I provide each student with a file in the classroom. 
• I will return many of your graded assignments to this folder. 
• You should keep graded work, loose papers, and labs in the file to use for test 
review. 
  
Grading Policy 
• I use a total points grading system. 
• There may be up to five major factors that effect your grade: Tests, Quizzes, 
Labs, Homework and Notebooks. 
• Tests are worth 150 points. 
• Quizzes will normally range from 25 to 50 points. 
• Homework will be graded as full credit, half credit, or zero credit based on 
completion and effort.  (I may occasionally give HW a percent grade.)  It will be 
factored into your grade as one 100-point assignment towards the end of each 
term. 
• Notebook checks may be factored in as 25 to 50 points at any time. 
• Lab grades will be worth 50 to 75 points depending on time and difficulty. 
• I will periodically offer to show grades at the end of a class period; however you 
may check with me at any time for your grade if you have any concerns. 
 
Assignment/Homework Expectations 
• All work is to be turned in the day after it is assigned (or the next day the class 
meets) unless otherwise noted. 
• All assignments must have your name, period, and date clearly written at the 
top of the first page. 
• Staple together multiple pages. 
• Half credit is given for most assignments that are one day late. 
• It is your responsibility to put your assignment in the appropriate class bin on 
the day it is due. 
 
Absences 
• Exchange your number with other students in class so you can find out what you 
missed if you’re absent.  You may also e-mail me for missed work. 
• If you are absent the day an assignment is due you are expected to hand it in to me 
the day you return as stated in the student handbook. 
• If you miss a test due to absence you must make up the test within three days of 
returning to school.  Make-up tests will contain the same material as the original 
exam, but they will be essay style so please come prepared! 
• All make-up work will be placed in your student folder.  You should speak with 
me to decide a due date. 
• Please see the student handbook section “Making UP Work Missed When 
Absent” for details.  
• It is your responsibility to deal with absences!   
 
Poor Behavior Consequences 
• I’m sure we will rarely have to deal with behavioral issues in my class since 
biology is so fascinating and fun to study, however, there are three levels of 
consequences in my classroom. 
• 1) Warning/Separation- The warning may be verbal or written.  If the student is 
refusing to cooperate I may ask him/her to sit in a different part of the room or in 
the hallway. 
• 2) Detention- I will ask the student to stay after school.  My detentions run from 
2:20-3:00 and students must come prepared to work during that time period.  We 
will also discuss the infraction and some possible solutions. I may call home to 
speak with a parent/guardian.  If a student skips a teacher detention he or she will 
be written-up and assigned office detentions by the administration. 
• 3) Contact Parent/Guardian- If inappropriate behaviors persist a parent/guardian 
will be contacted and we may meet with an administrator to discuss the issues and 
design a behavior contract.  The student, his/her parent/guardian, and myself will 
all sign the contract. 
 
Extra Help 
• Mornings are a great time to stop by to ask me quick questions. 
• Tuesdays, Thursdays, and the 1st and 3rd Wednesdays of each month are normally 
good days for extra help.  I will always be happy to meet with you, but please let 
me know one day in advance so I will be prepared. 
 
Teacher Website 
• I have a webpage at www.teacherweb.com. 
• I will update it periodically so you can go there to print out current power point 
presentations. 
• There are many helpful links available on the website as well. 
• I do not keep current homework assignments on the website.  Please copy them 
off the board during each class. 
 
Contacting Me 
      •    If you’re parent/guardian would like to contact me it is best to send an e-mail at 
Stephanie_davis@wrsd.net.  
• I also check my phone messages weekly. 
 
 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AF, 2008-2009 
 
 
Please sign below to indicate that you and your parent/guardian have read this syllabus 
carefully and that you agree to conform to the aforementioned classroom rules. 
 
 
 
Student name: _________________________________________ 
 
 
Student signature: __________________________________________ 
 
 
Parent/Guardian signature: _______________________________________ 
Biology, Grade 10, AF 
 
Textbook: Miller, K.R. & Levine, J. (2001). Biology. Prentice Hall Publishers, Upper 
Hill, NJ. 
 
Mr. John Schaper, e-mail: john_schaper@wrsd.net, homework information: 
www.schoolnotes.com (type in zip code, select file under my name) 
 
Course Overview:  
Biology AF is a full year laboratory science course designed for college preparatory 
students.  This course requires that you read scientific text for understanding in addition 
to using your strong math skills in scientific applications.   You will use the methods of 
science as a process for inquiry as we study topics such as cellular structure and function, 
molecular genetics, heredity, taxonomy and evolution.  
 
Learning objectives:  
The Biology AF course of study addresses each of the Biology Learning standards 
established by the Massachusetts Department of Elementary and Secondary Education. 
These standards can be found at their website www.doe.mass.edu . The content standards 
for biology require that students demonstrate knowledge of the following: the chemistry 
of life, cell biology, genetics, anatomy and physiology, evolution, biodiversity, and 
ecology.  
 
Course requirements  
 Come to class prepared to participate.  
 Keep your focus during class.  
 Make sure you are learning. Ask the questions you need to ask in order to 
understand.  
 Keep your work organized and in a three-ring binder.  
 Refer to your WRHS student handbook for information about making up 
assignments that are missed due to absence. 
 
Expectations of the teacher 
 I will tell you what you are going to learn each day.  
 I will assess your progress in learning and will tell you how you’re doing.. 
 I will hold you to high standards of behavior and interaction with your classmates.  
  
Evaluation 
All aspects of your work in this course will be considered in determining your grade, 
these include: 
 Lab reports/Projects (30%) 
 Tests/Quizzes (50%) 
 Notebook checks (10%) 
 Homework (10%) 
 
Extra Help is available on Friday in the afternoon in room D-106 
 
 
 
Policies:  
 Homework assignments are due on the day stated. Late assignments will not be 
accepted except in the case of absence or documented learning plans. 
 Individual arrangements can be made in case of missed tests or labs due to 
absence 
 Every student is required to maintain a notebook containing class notes, handouts, 
homework and lab reports. A notebook check will occur near the end of each 
marking period.  
 Cheating, plagiarism and academic dishonesty will not be tolerated. Students 
suspected risk losing credit and may face disciplinary action.  
 
Rules 
 Be in your seat when the bell rings with the materials you need for class. 
 Respect the people, equipment, and furnishings of the room.  
 Adjust your voice level to suit the activity of the classroom. 
 Always listen carefully (remember others are trying to learn as well), raise your 
hand to contribute to discussions and follow directions the first time they are 
given. 
 Observe all rules in the student handbook. 
 
 
 
 
 
 
I have read and understand the material outlined in the syllabus.  
 
Student Name__________________________________________________ 
 
Student Signature_______________________________________________ 
 
Parent Signature________________________________________________ 
Mrs. Wright 
AF Biology 
Text: Prentice Hall Biology; Kenneth Miller and Joseph Levine copyright 2004 
Office Hours: Monday and Wednesday 2:30-3:30 or by appointment 
Email: Leighann_wright@wrsd.net 
 
Course Overview: Welcome to Biology! Together we will define what it means to be a 
living organism. In this year long course we will cover topics including; The Scientific 
Method, Chemistry and Biochemistry, Osmosis and Diffusion, Transport across a 
membrane, The Cell, Photosynthesis and Cell Respiration, Mitosis and Meiosis, 
Genetics, Evolution and Ecology. We will learn about these topics through notes, 
homework, laboratory activities, and class discussion. 
 
Learning Objectives:  
Students will be able to use the SI system of measurement to gain quantifiable results.  
Students will be able to correctly identify the independent variable in a scientific 
experiment. 
Students will be able to apply the scientific method to a problem to answer a scientific 
question. 
Students will be able to explain how living organisms react with their environment and 
how populations, and communities react with their natural surroundings. 
 
Course Requirements and Evaluation:  
In order to be successful in this class, students will: 
-Complete homework on time. 
-Complete all Quizzes, Tests, Projects, and Labs. Evaluations are graded on a Total Point 
system:                              Tests:        50 – 100 points 
         Quizzes:    20 – 50 points 
         Projects:    50 – 100 points 
         Homework: 5 - 20 points 
Evaluations are intended to test the students understanding of topics covered as well as 
test their critical thinking and ability to apply the scientific method to answer open-ended 
questions. 
 
Classroom Policies 
Students are expected to attend all classes unless there is a stated health or family reason. 
Late work is accepted in the case of an absence as per the student handbook – otherwise, 
late work may be passed in up to one week later but will only receive 50% of the original 
score. 
Students are expected to follow classroom rules at all times, failure to do so will result in 
penalties including Teacher detention, school detention, Loss of credit for a lab 
assignment or loss of laboratory privileges. 
 
Students who complete these steps and take initiative in their learning will achieve 
success in this course! 
 
 
Class Room Rules: 
- Students must ask permission to use the lavatory pass.  
- Students must show respect at all times to other students and Mrs. Wright - They 
must use respectful language in class at all times. 
- Students must abandon all non-biology related conversations until class is over. 
- Students must not have cell phones or other electronic devices while in class. 
- Students must come to class prepared to learn to the best of their ability. 
- Students are expected to schedule make-up Labs, Exams, Quizzes etc. the first 
day they return after being absent.   
- Students must act in a way that demonstrates their personal integrity at all 
times. Cheating of any kind will absolutely NOT be tolerated and will result 
in loss  of Credit for the assignment along with further disciplinary measures.  
 
 
 
 
 
 
Signed:__________________________________  date:________________ 
 
  Student signature 
 
 
Signed:__________________________________ date:________________ 
 
  Parent Signature 
Course: Biology – Academic Foundations 
Teacher: Ms. Litterio-Foster 
Email:  beth_litterio-foster@wrsd.net 
Text:  Biology by Miller & Levine 
Year:  2008 – 2009 
 
Course Description: 
A full year course designed for the college preparatory student.  The goal of the course is 
the student’s understanding of the living world.  Learning is achieved in integrated ways 
by active participation in the process of science through hands-on activities, laboratory 
work, class discussions and cooperative learning.  The course requires a high reading 
comprehension and good mathematics background.  The main topics covered are the 
Scientific Method, the chemical basis of life, the Cell Theory with emphasis on cell 
processes, energy in living systems, the Chromosome Theory of Inheritance, genetics, the 
evolution of life and taxonomy.  Students who attend class regularly, study at home and 
keep up with assignments are very successful in this course. 
 
Grading: 
Grading is determined on a points basis.  Lab papers, assignments and quizzes are given a 
small number of points (ex.10 or 25 points).  Tests are generally worth 100 points.  The 
amount of material covered and level of difficulty corresponds to the amount of points 
that the assignment is worth.  At the end of the term, the total number of assigned points 
is divided into the number of points earned by the student and a percentage or average is 
obtained. 
 
Classroom expectations: 
Students are expected to arrive to class on time.  Students are expected to have notebooks 
and necessary materials with them every day. A three-ringed binder is recommended for 
the many hand-outs, worksheets and other supplements given out in class.  These papers 
should be kept organized for review purposes and for use in class.  Students should read 
the text and use it as a supplement to their class notes.  Students should read over their 
notes on a daily basis.  Students will work in small groups and are expected to cooperate 
and interact with classmates. All cell phones, iPods and other electronics will be 
confiscated if seen/heard in class.  No food or drink will be allowed in the classroom for 
health and safety reasons. 
 
General Information: 
It is the student’s responsibility to obtain class assignments prior to attending fieldtrips.  
The work must be completed on time; otherwise this will count as an absence according 
to Wachusett’s Attendance policy.   
 
Homework assignments must be completed before the class period that they are due.  
Late assignments will be accepted no more than one day after they are due.  The 
maximum amount of credit one can earn on a late assignment will be 50% of the earned 
grade.  Late assignments will not receive any credit if the assignment has been covered in 
class.  Any missed labs will need to be made up within one week of the lab or the student 
will earn a zero for the lab. I will schedule the day for after school lab make-ups. 
 
Plagiarism or copying of any material as well as cheating will not be tolerated.  All 
individuals involved will earn a zero.  Parents and the appropriate administrator will be 
notified.  
 
I will be available for make-ups and to answer questions after school in room D116.  I do 
not have a set day that I stay for help and make-ups.  Weekly I will announce to the class 
which afternoon I will be available after school.  Please let me know in advance if you 
are planning on staying.  
 
If parents need to reach me they can email me or call the school (508-829-6771) and 
notify the student’s guidance counselor. 
 
Please read the attached Laboratory Safety Rules and then sign, date and 
return the Acknowledgement Page to Ms. Litterio-Foster. 
 
 
 
 
Acknowledgement Page 
 
I acknowledge having received and understand the terms outlined in the  
AF Biology Syllabus, as well as, the Laboratory Safety Rules and will 
abide by all rules and expectations as set forth.   
 
Please sign, date and return to Ms. Litterio-Foster 
  
Student Name: ___________________________________________ 
 
Student Signature: ________________________________________ Date _______ 
 
Parent Signature: _________________________________________ Date _______ 
 
 
 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AF, 2008-2009 
  
Overview 
• Biology AF is a full year laboratory science course designed for the college bound 
student.  The course requires high reading comprehension along with strong 
writing and math skills.  You will learn about the nature of life through lab work, 
discussion, class lecture, assigned readings, and creative projects.   
 
The topics covered during the year will include: 
• Scientific method & the nature of biology 
• Chemistry of life 
• Structure and function of cells 
• Genetics 
• Evolution & Biodiversity 
• Ecology  & populations 
• Anatomy & physiology 
 
Expectations 
• Be respectful of myself and other students. 
• Come prepared to learn with a pen, notebook, and homework. 
• Be invested in your learning.  Pay attention and ask questions! 
• Come to class on time and stay in your seat until the bell rings each day. 
• Do your own work.  Anyone cheating will receive a 0 for the assignment in 
question and I may call home to speak to a guardian.  Cheating is considered 
giving or receiving answers. 
• Respect and care for the classroom. 
• Please follow all school rules in my classroom.  For example, only water may be 
allowed in class and please don’t bring cell phones and other electronics to class. 
• Every three tardys to class will result in a teacher detention.   You must be in 
class on time to avoid disrupting your fellow classmates. 
 
Text 
• Miller, K.R. & Levine, J. (2001). Biology. Prentice Hall Publishers, Upper Hill, 
NJ. 
• Cover your book and take care of it!  Books must be returned in the same 
condition as when you received them! 
 
Notebooks 
• A notebook is required for each student.  (Preferably a loose-leaf three-ring 
binder). 
• Keep your binder organized by chapter. 
• Keep all handouts, worksheets, homework, and lab reports in your binder. 
• Binders/notebooks may be evaluated periodically. 
 
 
Hanging Files 
• I provide each student with a file in the classroom. 
• I will return many of your graded assignments to this folder. 
• You should keep graded work, loose papers, and labs in the file to use for test 
review. 
  
Grading Policy 
• I use a total points grading system. 
• There may be up to five major factors that effect your grade: Tests, Quizzes, 
Labs, Homework and Notebooks. 
• Tests are worth 150 points. 
• Quizzes will normally range from 25 to 50 points. 
• Homework will be graded as full credit, half credit, or zero credit based on 
completion and effort.  (I may occasionally give HW a percent grade.)  It will be 
factored into your grade as one 100-point assignment towards the end of each 
term. 
• Notebook checks may be factored in as 25 to 50 points at any time. 
• Lab grades will be worth 50 to 75 points depending on time and difficulty. 
• I will periodically offer to show grades at the end of a class period; however you 
may check with me at any time for your grade if you have any concerns. 
 
Assignment/Homework Expectations 
• All work is to be turned in the day after it is assigned (or the next day the class 
meets) unless otherwise noted. 
• All assignments must have your name, period, and date clearly written at the 
top of the first page. 
• Staple together multiple pages. 
• Half credit is given for most assignments that are one day late. 
• It is your responsibility to put your assignment in the appropriate class bin on 
the day it is due. 
 
Absences 
• Exchange your number with other students in class so you can find out what you 
missed if you’re absent.  You may also e-mail me for missed work. 
• If you are absent the day an assignment is due you are expected to hand it in to me 
the day you return as stated in the student handbook. 
• If you miss a test due to absence you must make up the test within three days of 
returning to school.  Make-up tests will contain the same material as the original 
exam, but they will be essay style so please come prepared! 
• All make-up work will be placed in your student folder.  You should speak with 
me to decide a due date. 
• Please see the student handbook section “Making UP Work Missed When 
Absent” for details.  
• It is your responsibility to deal with absences!   
 
Poor Behavior Consequences 
• I’m sure we will rarely have to deal with behavioral issues in my class since 
biology is so fascinating and fun to study, however, there are three levels of 
consequences in my classroom. 
• 1) Warning/Separation- The warning may be verbal or written.  If the student is 
refusing to cooperate I may ask him/her to sit in a different part of the room or in 
the hallway. 
• 2) Detention- I will ask the student to stay after school.  My detentions run from 
2:20-3:00 and students must come prepared to work during that time period.  We 
will also discuss the infraction and some possible solutions. I may call home to 
speak with a parent/guardian.  If a student skips a teacher detention he or she will 
be written-up and assigned office detentions by the administration. 
• 3) Contact Parent/Guardian- If inappropriate behaviors persist a parent/guardian 
will be contacted and we may meet with an administrator to discuss the issues and 
design a behavior contract.  The student, his/her parent/guardian, and myself will 
all sign the contract. 
 
Extra Help 
• Mornings are a great time to stop by to ask me quick questions. 
• Tuesdays, Thursdays, and Wednesdays (1st and 3rd of each month) are normally 
good days for extra help.  I will always be happy to meet with you, but please let 
me know one day in advance so I will be prepared. 
 
Teacher Website 
• I have a webpage at www.teacherweb.com. 
• I will update it periodically so you can go there to print out current power point 
presentations. 
• There are many helpful links available on the website as well. 
• I do not keep current homework assignments on the website.  Please copy them 
off the board during each class. 
 
Contacting Me 
      •    If you’re parent/guardian would like to contact me it is best to send an e-mail at 
Stephanie_davis@wrsd.net.  
• I also check my phone messages weekly. 
 
 
Ms. Stephie Davis 
Email: stephanie_davis@wrsd.net 
Class: Biology AF, 2008-2009 
 
 
Please sign below to indicate that you and your parent/guardian have read this syllabus 
carefully and that you agree to conform to the aforementioned classroom rules. 
 
 
 
Student name: _________________________________________ 
 
 
Student signature: __________________________________________ 
 
 
Parent/Guardian signature: _______________________________________ 
Course: Biology – Honors 
Teacher: Ms. Litterio-Foster 
Email:  beth_litterio-foster@wrsd.net 
Text:  BSCS Biology – A Molecular Approach  
Year:  2008 – 2009 
 
Course Description: 
A full year course designed for the college preparatory student.  The goal of the course is 
the student’s understanding of the living world.  Learning is achieved in integrated ways 
by active participation in the process of science through hands-on activities, laboratory 
work, class discussions and cooperative learning.  The course requires a high reading 
comprehension and good mathematics background.  The main topics covered are the 
Scientific Method, the chemical basis of life, the Cell Theory with emphasis on cell 
processes, energy in living systems, the Chromosome Theory of Inheritance, genetics and 
the evolution of life.  A yearlong life science independent research project is 
required.  Failure to submit an approved project idea, hypothesis, and Literature 
Review will require a drop in level to AF.  The Final project is worth 50% of 4th 
quarter grade and 10% of the year-end grade. The final project must consist of a 
display board, a formal write-up, and an oral presentation. No late projects will be 
accepted for any reason. 
 
Grading: 
Grading is determined on a points basis.  Lab papers, assignments and quizzes are given a 
small number of points (ex.10 or 25 points).  Tests are generally worth 100 points.  The 
amount of material covered and level of difficulty corresponds to the amount of points 
that the assignment is worth.  At the end of the term, the total number of assigned points 
is divided into the number of points earned by the student and a percentage or average is 
obtained. 
 
Classroom expectations: 
Students are expected to arrive to class on time.  Students are expected to bring 
notebooks and necessary materials to class daily. A three-ringed binder is recommended 
for the many hand-outs, worksheets and other supplements given out in class.  These 
papers should be organized for review purposes and for use in class.  Students work in 
small groups and are expected to cooperate and interact with classmates. There is no food 
or drink allowed in science rooms for health and safety reasons.  All electronic devices 
(cell phones, iPods, etc.) are not allowed at any time. All electronics will be confiscated if 
seen/heard in class.  Students should read the text and use it as a supplement to their class 
notes.  Students should read over their notes on a daily basis.   
 
General Information: 
It is the student’s responsibility to obtain class assignments prior to attending fieldtrips.  
The work must be completed on time; otherwise this will count as an absence according 
to Wachusett’s Attendance policy.   
 
Assignments must be completed before the class period that they are due.  Late 
assignments will not be accepted. Students who are absent should obtain any missed 
notes from a fellow student.  If you are absent the day of a test or quiz, be prepared to 
take the make-up the day you return to school.  Make-up exams are essay.  Missed labs 
must be made up within one week of the lab or you will earn a zero for the lab. I will 
schedule the day for after school lab make-ups. 
 
Plagiarism and copying of any material as well as cheating will not be tolerated.  All 
individuals involved will earn a zero for the assignment or assessment.  Parents and the 
appropriate administrator will also be notified.   
 
I will be available for make-ups and to answer questions after school in room D116.  I do 
not have a set day that I stay for help and make-ups.  Weekly I will announce to the class 
which afternoon I will be available after school.  Please let me know in advance if you 
are planning on staying.  
 
If parents need to reach me they can email me or call the school (508-829-6771) and 
notify the student’s guidance counselor. 
 
Please read the attached Laboratory Safety Rules and then sign, date and 
return the Acknowledgement Page to Ms. Litterio-Foster. 
 
 
 
 
Acknowledgement Page 
 
I acknowledge having received and understand the terms outlined in the  
Honors Biology Syllabus, as well as, the Laboratory Safety Rules and 
will abide by all rules and expectations as set forth.   
 
Please sign, date and return to Ms. Litterio-Foster 
  
Student Name: ___________________________________________ 
 
Student Signature: ________________________________________ Date _______ 
 
Parent Signature: _________________________________________ Date _______ 
 
 
 
 
Wachusett Regional High school  
1401 Main Street 
Holden MA 01520 
Syllabus 
 
AE Chemistry 
Nicholas A. Guerin 
nicholas_guerin@wrsd.net 
Text:   Modern Chemistry 
Course Overview 
Chemistry covers the basic principles of the makeup and transformation of substances. Emphasis is on the devel-
opment of chemical concepts with the equations and calculations necessary for their understanding. Laboratory  
experiments are used in the development of the concepts and to illustrate proper techniques. 
Learning Objectives 
Over the course of this year we will explore the chemistry of water and water pollution.  We will also study the 
properties of elements and how they react in chemical reactions  We will also focus on how petroleum products 
and precious metals play roles in our everyday lives. This will be followed by studying the atmosphere and the  
behavior and chemical reactions of gases. 
Course work will emphasize conceptual explanations of chemical behavior.  There will also be a mathematical  
component to the course, that will focus on unit conversion throughout the entire school year.   
Requirements/Expectations  
Students taking this course are expected be hardworking, motivated, organized, and possess the appropriate math 
skills.  Also the ability to memorize and apply information is critical to surviving chemistry.  Typically students  
who do not possess these qualities have not done as well as they would have hoped. 
All students are expected to bring a writing implement, scientific calculator (graphing calculators are prohibited), 
and a notebook to each class.  Students will not be supplied any of these items if they are forgotten.  Promptness  
is also required.  Any student who is tardy to class will be after school for a detention within 24 hours. 
Of course, students are expected to be to class on time with their homework completed to the best of their ability.  
In addition, all work must be shown when doing homework or taking a test or quiz.  This is to the student’s bene-
fit as partial credit will be awarded.  Any answer that does not show the student’s work will result in the loss of  
some credit for that problem. 
Students who are absent will be held accountable for the work they missed, in accordance with the student hand-
book.  I will make my class notes available to students, and it is also a good idea to obtain the missed notes from a 
fellow student.  A missed laboratory will need to be made within one week of the lab.  Labs can be made up on  
the following Monday or Thursday (these days are subject to change).  
NO LATE WORK WILL BE ACCEPTED 
It is imperative that each student behave properly, respect each other, respect the instructor, and respect the room 
in which the class is taught.  Inappropriate behavior will not be tolerated in any form, especially in the laboratory.  
Lab safety is of the utmost importance.  Any misconduct during a laboratory will result in a zero for that lab as- 
signment. 
Tests, quizzes and labs vary by how many points they are worth (but are weighted fairly). Grades are calculated 
by calculating a percentage of points you have compared to how many you could have.   
 
Extra Help 
I will be available before or after school any day for extra help (except Friday).  Preferably, I would appreciate the 
student making an appointment first.  I am very aware how difficult this subject is and I am willing to provide 
support for any student who would like it.  Unfortunately, there will be no opportunities for students to do 
extra credit assignments.     
 
Course Title: Introduction to Chemistry, Grade 11 
Course Instructor: Mrs. Paradise (email address is Carol_Paradise@wrsd.net) 
Course Text: Chemistry in the Community: ChemCom 
 
Course Description: 
 
Chemistry is a college preparatory level course that is designed to help students realize the 
important role that chemistry will play in their lives, and to help prepare them to make informed 
decisions involving science and technology.  By understanding the fundamental chemical 
principles and concepts, we can better understand the ways in which the study of chemistry helps 
develop an awareness of the potential and the limitations of science.  From the classification of 
matter and the processes of science, to how acids and bases play an important role in nature, the 
topics presented in this course all serve to illustrate chemistry’s impact on society. 
 
This is also a laboratory course and therefore every seventh day there will be a long block lab 
period.  Through work with a lab partner, the students will be able to get a more in-depth look at 
chemistry procedures and chemical technology.  In addition, proper laboratory techniques and 
problem solving skills will continuously be emphasized.  Students will be expected to be safety 
conscious in their laboratory conduct and follow the safety rules of the laboratory at all times. 
 
Course Requirements: 
 
During the course of one term you can expect 1 or 2 unit tests; 7 or 8 laboratory reports; many 
quizzes and periodic checks of your homework assignments.  Your grade will be derived using a 
point system, the total number of points that you have earned will be divided by the number of 
available points, then multiplied by 100% for your grade average.  Tests are always worth 100 
points, labs and quizzes vary from 20-70 points depending on the amount of work involved.  
Always having your homework done will earn you points on your final term grade and having 
missing homework will deduct from your final term grade according to the number of missing 
assignments.  
 
Classroom Expectations: 
 
Assignments will be collected at the beginning of the period, and any assignments that are not 
passed in at this point are late.  Late assignments are accepted no more than one day after they 
are due, however, the maximum amount of credit one can earn on a late assignment will be 50% 
of the earned grade.  Laboratory make-ups for absent students must be completed after school 
within one week of the student’s absence and must be arranged with me first, if not made up the 
grade would be a zero.  Notebooks are required (I would suggest a three ring binder) and only 
simple calculators will be allowed for tests and quizzes.  It is the student’s responsibility to 
obtain class notes or assignments from someone in the class if they are absent.  Extra help is 
always available (and strongly encouraged) either after school or early in the morning - I am 
always around and can be found in my chemistry room. 
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AE Chemistry 
 
Wachusett Regional High School               Science Department              2008-2009 School Year 
 
Instructor:   Christina M. Ansell      Email: christina_ansell@wrsd.net 
Afterschool Help: M 2:30-4:00      Room: D202 
 
Textbook:  Chemistry in the Community, ACS, 4th Edition 
Other Materials: Scientific Calculator, Notebook, Folder, Writing Utensils 
 
WRHS Mission Statement: The mission of the Wachusett Regional High School is committment to an 
educational process that fosters independence and responsibility in our students. By offering diverse, 
challenging, academic programs and rich co-curricular activities, WRHS strives to provide students 
with the skills and knowledge to achieve their potential as life-long learners. 
 
Department Philosophy: The Science department of Wachusett Regional High School strives for 
excellence in the science education of all its graduates. We recognize the fact that science is a human 
endeavor designed to achieve an increasingly comprehensive and reliable understanding of the human 
species and its environment. Scientific literacy is an important key to a functioning, technology-based 
society. The WRHS Science Curriculum is designed to provide all students the opportunity to meet the 
stated objectives in a logical, sequential comprehensive and varied manner. 
 
My Expectations: For all students to acquire a basic knowledge of chemistry and understand how it 
applies to everyday life and to develop a general appreciation of science and chemistry. This year we 
will follow a program called Chemistry in the Community or ChemCom for short. It is not a traditional 
textbook but is based on topical units. Each unit in ChemCom creates a science and technology in 
society issue and then develops only the chemical concepts that are needed to resolve the issue.  In a 
traditional course you learn the chemistry first then try to look for places to apply it. The ChemCom 
curriculum uses a lot of group work, projects, and class discussion. This class works only if there is 
class participation. 
 
 
Topics to be Covered: 
You can assume since this is a chemistry course, the usual topics will be here, but they will be 
embedded in the units. The goal for this year is to cover the following units: 
 
Unit 1-Water: Exploring Solutions 
Unit 2-Materials: Structure and Use  
Unit 3-Petroleum: Breaking and Making Bonds 
Unit 4-Air: Chemistry and the Atmosphere 
Unit 5-Industry: Applying Chemical Reactions  
Unit 6-Atoms: Nuclear Interactions  
 
Grading Policy: 
 Grades will be assigned based on a point total. Below are average point values. 
   Tests- 100 pts    Quizzes- 25 to 35 pts 
   Lab Reports- 20 or 50 pts  Homework- 5 to 15 pts 
   Projects- 100 pts or greater  Reading Assignments- 10pts  
   Notebook Checks- 50 pts  Writing Assignments- 15pt/wk 
 
Statement about Cheating:  
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  Cheating in any form is forbidden. Cheating will result in a zero grade for the  
  assignment for the first and second offense. A third offense will result in a failing  
  grade for the term. 
 
Tests and Quizzes:  
  Tests will be given at the end of each section. Tests will always be announced in   
  advance and are usually worth quite a few points each. Quizzes may or may not   
  be announced in advance and will be given as needed to check for understanding. 
 
  Make-ups: If you are legitimately absent for a test or quiz, you have the same  
  amount of days to make up the missed test as days missed.  For example, if you  
  were absent for three days, upon your return to school you have three days to take  
  the missed test.  HOWEVER- if the first missed day is the day of the test you will  
 be expected to take the test on the day you return to school. See me for special  
 circumstances.    Work not made up on time gets a zero grade.    
  Make-up tests will most likely differ in format/information than the  
  original. 
 
Laboratory: Lab reports come in 2 varieties, abbreviated (20pts) and full (50pts). Abbreviated   
  lab reports will consist of calculations and questions based on the lab. Full lab  
  reports will include the calculations and questions but will also require additional  
  sections outlined on the “Lab Report Format” handout.  
    
  Make-ups: If you MUST miss a lab you will have one week to make up the lab.   
  Arrangements should be made with me to make up the lab after school.  
  See me for special circumstances.   
   
Projects: Since ChemCom is based on solving problems there will be 1 major project each   
  unit. In addition other smaller projects will be assigned throughout the year. Each   
  project must be done according to a strict set of guidelines. Grading criteria,  
  ie. rubrics, for each project will be distributed and discussed at the appropriate   
  time. 
 
Homework: Homework is assigned to reinforce concepts and is graded on effort not    
  necessarily correctness. Students should make every attempt to do all of their  
  homework.  It's an easy way to help your grade with very little effort as well as  
  aid in the learning process. Homework is graded on a √+, √, √- scale; corresponding to  
full credit, ½ credit, and no credit respectively. 
  
Make-ups: Homework not handed in because of legitimate absences is subject to the 
same rules as missed tests. It is your responsibility to get missed assignments, handouts 
and worksheets distributed in your absence. 
 
 
 
 
 
Late Work Policy: 
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To be regarded on time, work must be completed by the beginning of the period on the day it is 
due. 
Short homework assignments will be checked at the beginning of class. If you did not complete your 
work and we go over answers to the previous night's homework, you should copy answers while we 
check homework to serve as a review, but you will not get credit for having done your homework. If the 
homework is not gone over in class, you may turn it in the following day with a half credit late penalty. 
In case of excused absences, you will be excused from short homework assignments. For larger graded 
assignments you have two extra days not counting the day of your return to make-up the work. Work 
due on the day of an unexcused absence receives a grade of zero. 
Larger graded assignments including labs may be turned in late with a 10% penalty for each school 
day late (whether we meet or not). They will not be accepted after beyond 5 days late. You may not 
work on late homework instead of the day's assignment. Attempts to do so will result in a zero for the 
late work. 
Long term assignments (assignments made at least one week in advance) are due the day of your return 
from an excused absence. If you are in school but excused from this class, you must turn in long term 
assignments between classes or at the beginning of the day in order to not be penalized. 
 
How to get a better grade in Chemistry: 
 
1. Don't just DO your homework, THINK about it and always hand it in on time. That's just common 
sense. 
 
2. Get interested in the subject. Even science can be interesting, if you just give it a chance. 
 
3. Don't read the chapter, study the chapter. Analyze it. Dissect it. Outline it. Make study cards. If you 
study the chapter little by little, each night, you won't have to cram. 
 
4. Learn the vocabulary. Every chapter features a list of key words.  Find out what those words mean.  If 
you know the language of science, you're halfway home. 
 
5. Keep a good notebook. Load it up.  And keep it well organized. It's a fact that most kids with well 
organized, complete notebooks, do quite well on their tests. 
 
6. Do all of your lab reports. They can pull your grades up considerably, and they're easy to do.  Just 
follow the format.  Just make sure that it's neat, complete, accurate, and done in the required sequence. 
 
7. Make up any missed work, on time. If you're absent, find out what you missed, and then do it.  
Remember, missed work gets a zero.  And zeros really destroy averages. 
 
8. Budget your time. There are only 24 hours in a day.  How do you spend your 24 hours?  How  much 
time do you set aside for studies? 
 Ansell-4 
Classroom Rules: 
 
 1. Be in your assigned seat and ready to work when the bell rings.  
     3 tardies = 45 minute detention 
 
2. Bring required materials to every class, unless told otherwise by the teacher.  
 
3. Remain in your assigned seat unless you have permission to get up.  Do not at anytime go into  
    the laboratory area unless specifically given permission. 
 
 4. Do not eat or drink in class unless you have been given special permission.  
     WATER is permitted ONLY in the classroom section.   
 
 5. Talk only when permitted. 
 
6. Use you bathroom privileges sparingly, you are allotted 12 bathroom/locker passes per  
    quarter.  
 
7. Use polite speech and body language.  
 
 8. Follow directions the first time they are given. 
 
 9. Turn assignments in on time. 
 
 10. Purses and backpacks will be placed on the floor and hoods will be removed during class.  
 
11. Hats, calculator covers, and pencil cases are not permitted out during testing. 
 
12. Treat everyone and their property respectfully. 
 
#13. Follow all rules outlined in the safety contract. If unsafe practices are routinely disobeyed 
you will be removed from the lab and possible the course. Be safe. 
 
*14. You are responsible for knowing and following all rules set forth in the student handbook. 
 
Consequences for rule breaking: 
 
 *If a school rule is broken you will be referred to administration for discipline. 
 
 #If a critical safety rule is broken you will be referred to administration for discipline. 
 
 #If a non-critical safety rule is broken you will be assigned a 45min teacher detention. 
 
 If a classroom rule is broken the following steps will be taken: 
 - 1st offense: Warning either verbal or written 
 - 2nd offense: 30 minute teacher detention 
 - 3rd offense: 60 minute teacher detention  
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Once you have read this syllabus please sign and date below to indicate that you are aware of all of the 
information contained within it, and therefore also responsible for all information. Please give this to 
your parent/guardian to read and sign as well. The bottom portion of this sheet will be collected and kept 
as a record. 
 
 
 
 
 
Student              
 
 
 
Parent/Guardian            
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Student Signature            
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Syllabus 
 
 
 
Wachusett Regional High School 
1401 Main Street 
Holden, MA 10520 
 
 
Chemistry AF  
Grades 11-12 
 
Textbook:  Modern Chemistry – Holt, Rinehart, and Winston 
 
Teacher:  Mrs. Weymouth 
Contact: Lauralynn_Weymouth@wrsd.net 
Office:  Room C218 
 
Course Overview: This course provides an in-depth study of chemistry as an experimental 
science for the college bound student. This course will cover basic concepts of chemistry including 
physical and chemical properties, the periodic table, atomic structure, chemical bonding, 
chemical reactions, stoichiometry, phases of matter, and acids and bases. A requirement of the 
class is the memorization of ions and formulas necessary for the study of chemistry. Course work 
as well as laboratory work will be performed to reinforce key concepts and to deepen students’ 
understanding. Proper laboratory techniques and lab safety will be discussed throughout the year. 
Students will be expected to work seriously and in a safety conscious manner when in the 
laboratory. Over the course of the year, skills and techniques in handling materials, apparatus, 
and concepts will be developed. 
 
Learning Objectives: Through participation in this course students will gain an understanding 
of chemistry, and be able to apply chemistry concepts to real life situations.  
 
Course Requirements: All students are expected to be present in class on time every day. 
Students are expected to come to class prepared. All work that is due must be completed before 
the class period begins. Students are expected to bring a pen or pencil, calculator, and three ring 
binder or notebook and folder to class each day. Students must bring past work and notes to class 
every day.  
 
Evaluation: Grading for this course is done using a points system. A student’s average is 
calculated but dividing the total number of points earned by the total number of points possible, 
and then multiplying by 100%.  
• Tests are typically worth 100 points, but may vary based on the number of concepts 
covered.  
• Labs and quizzes are about 30 points, but may range between 10 and 50 points. 
• Homework is not factored in to the average until the end of a term. Homework is assigned 
and checked regularly. If every homework assignment for the term is completed, one 
point will be added to the student’s final term average. If the student misses 1-2 
homework assignments, the term average is unchanged. If the student misses 3 or more 
homework assignments over the course of a term, 1 point will be deducted for each 
assignment, starting with the third. 
 
Number of Homework Assignments Missed Alteration to Term Average 
0 +1 
1 0 
2 0 
3 -1 
4 -2 
• Chapter packets are packets of worksheets that are done in class and at home. The chapter 
packet will be collected the day of the test and will count as a small quiz grade, ranging 
from 5 -  20 points.  
• Projects will be assigned throughout the year and may range in points from 15 – 50.  
• Late homework will not be accepted. 
• Late written assignments such as labs or projects will be accepted one day late for 50% credit. 
After that they will not be accepted.  
 
Classroom Policies: The following policies are in place to help provide an environment in 
which all students can learn. 
• Safety is always a concern in a chemistry classroom. There will be no tolerance for any 
behavior that is considered unsafe. 
• Respect is necessary to make all students feel comfortable. It is expected that each student 
will be respectful of himself or herself, other students, and the teacher. 
• Leaving the room to use the restroom is always a distraction, but is sometimes necessary. 
Should you need to leave, ask permission first, then sign out the pass and bring it with 
you. Sign the pass back in upon your return to the room.  
 
Make-up work: In order to return work to other students in a prompt manner, all make-up 
work must be completed as soon as possible. If you miss a lab, test, or quiz, it is your responsibility 
to seem me immediately upon your return to schedule a make-up at my earliest convenience. 
Failure to do so may result in a zero on the assignment. 
 
Extra Help: Extra help is available several days each week before and after school. If you would 
like to come for extra help, please see me ahead of time so we can schedule a time for help. You 
may also feel free to stop in before or after school and if I am around, I would be more than 
happy to help. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I have read and understand the above course syllabus 
 
 
 
(student signature)        (date) 
 
 
 
(parent/guardian signature)       (date) 
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AF Chemistry 
 
Wachusett Regional High School               Science Department              2008-2009 School Year 
 
Instructor:   Christina M. Ansell      Email: christina_ansell@wrsd.net 
Afterschool Help: M 2:30-4:00      Room: D202 
 
Textbook: Modern Chemistry, Holt, 2002 Edition 
Other Materials: Scientific Calculator, Notebook, Composition book, Folder, Writing Utensils 
 
WRHS Mission Statement: The mission of the Wachusett Regional High School is committment to an 
educational process that fosters independence and responsibility in our students. By offering diverse, 
challenging, academic programs and rich co-curricular activities, WRHS strives to provide students 
with the skills and knowledge to achieve their potential as life-long learners. 
 
Department Philosophy: The Science department of Wachusett Regional High School strives for 
excellence in the science education of all its graduates. We recognize the fact that science is a human 
endeavor designed to achieve an increasingly comprehensive and reliable understanding of the human 
species and its environment. Scientific literacy is an important key to a functioning, technology-based 
society. The WRHS Science Curriculum is designed to provide all students the opportunity to meet the 
stated objectives in a logical, sequential comprehensive and varied manner. 
 
My Expectations: For all students to acquire a basic knowledge of chemistry and understand how it 
applies to everyday life, to develop a general appreciation of science and chemistry, and to develop 
logical reasoning skills. I hope to achieve this through active learning. I encourage active participation 
during class and welcome any questions that arise. Notes are important but we will also engage in 
hands-on activities, projects, and web-based learning throughout the year. Chemistry is learned by 
doing. Homework problems and readings will be assigned to aid in learning concepts.  
 
Tentative Schedule: 
Topics by Quarter  
Quarter 1 Quarter 2 Quarter 3 Quarter 4 
- Matter & Change 
- Measurements &    
  Calcs  
- Atoms 
- Arrangements of   
  Electrons  
 
- Periodic Law 
- Chemical Bonding 
- Chemical Formulas  
  & Compounds 
- Chemical Equations  
  & Reactions 
- Stoichiometry 
- Physical Characteristics  
  of Gases 
 
- Molecular Composition 
  of Gases 
- Liquids & Solids 
- Solutions/Ionic  
  Solutions 
- Acids & Bases/pH 
 
 
Statement about Cheating:  
Cheating in any form, including the copying of homework and lab reports, is forbidden. 
Cheating will result in a zero grade for the assignment for the first and second offense. A 
third offense will result in a failing grade for the term. 
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Grading Policy: Grades will be assigned based on a percentage total. Below are the percentage values. 
  Exams & Quizzes- 50% 
  Lab Reports- 20%   
Homework- 10% 
  Projects- 10%   
 
Tests and Quizzes: Tests will be given at the end of each chapter. Tests will always be announced in  
  advance and are usually worth quite a few points each. Quizzes may or may not   
  be announced in advance and will be given as needed to check for understanding. 
 
  Make-ups: If you are legitimately absent for a test or quiz, you have the same  
  amount of days to make up the missed test as days missed.  For example, if you  
  were absent for three days, upon your return to school you have three days to take  
  the missed test.  HOWEVER- if the first missed day is the day of the test you will  
 be expected to take the test on the day you return to school. See me for special  
 circumstances.    Work not made up on time gets a zero grade.    
  Make-up tests will most likely differ in format/information than the  
  original. 
 
Laboratory: Lab reports come in 2 varieties, abbreviated (20pts) and full (50pts). Abbreviated   
  lab reports will consist of calculations and questions based on the lab. Full lab  
  reports will include the calculations and questions but will also require additional  
  sections outlined on the “Lab Report Format” handout.  
    
  Make-ups: If you MUST miss a lab you will have one week to make up the lab.   
  Arrangements should be made with me to make up the lab after school.  
  See me for special circumstances.   
 
Homework: Homework is assigned to reinforce concepts and is graded on effort not    
  necessarily correctness. Students should make every attempt to do all of their  
  homework.  It's an easy way to help your grade with very little effort as well as  
  aid in the learning process. Homework is graded on a √+, √, √- scale; corresponding to  
full credit, ½ credit, and no credit respectively. 
  
Make-ups: Homework not handed in because of legitimate absences is subject to the 
same rules as missed tests. It is your responsibility to get missed assignments, handouts 
and worksheets distributed in your absence. 
 
Projects: There will be approximately 1 major project per quarters throughout the year.  
  In addition other smaller projects will be assigned throughout the year. Each   
  project must be done according to a strict set of guidelines. Grading criteria,  
  ie. rubrics, for each project will be distributed and discussed at the appropriate   
  time. 
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Late Work Policy: 
To be regarded on time, work must be completed by the beginning of the period on the day it is 
due. 
Short homework assignments will be checked at the beginning of class. If you did not complete your 
work and we go over answers to the previous night's homework, you should copy answers while we 
check homework to serve as a review, but you will not get credit for having done your homework. If the 
homework is not gone over in class, you may turn it in the following day with a half credit late penalty. 
In case of excused absences, you will be excused from short homework assignments. For larger graded 
assignments you have two extra days not counting the day of your return to make-up the work. Work 
due on the day of an unexcused absence receives a grade of zero. 
Larger graded assignments including labs may be turned in late with a 10% penalty for each school 
day late (whether we meet or not). They will not be accepted after beyond 5 days late. You may not 
work on late homework instead of the day's assignment. Attempts to do so will result in a zero for the 
late work. 
Long term assignments (assignments made at least one week in advance) are due the day of your return 
from an excused absence. If you are in school but excused from this class, you must turn in long term 
assignments between classes or at the beginning of the day in order to not be penalized. 
 
How to get a better grade in Chemistry: 
 
1. Don't just DO your homework, THINK about it and always hand it in on time. That's just common 
sense. 
 
2. Get interested in the subject. Even science can be interesting, if you just give it a chance. 
 
3. Don't read the chapter, study the chapter. Analyze it. Dissect it. Outline it. Make study cards. If you 
study the chapter little by little, each night, you won't have to cram. 
 
4. Learn the vocabulary. Every chapter features a list of key words.  Find out what those words mean.  If 
you know the language of science, you're halfway home. 
 
5. Keep a good notebook. Load it up.  And keep it well organized. It's a fact that most kids with well 
organized, complete notebooks, do quite well on their tests. 
 
6. Do all of your lab reports. They can pull your grades up considerably, and they're easy to do.  Just 
follow the format.  Just make sure that it's neat, complete, accurate, and done in the required sequence. 
 
7. Make up any missed work, on time. If you're absent, find out what you missed, and then do it.  
Remember, missed work gets a zero.  And zeros really destroy averages. 
 
8. Budget your time. There are only 24 hours in a day.  How do you spend your 24 hours?  How  much 
time do you set aside for studies? 
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Classroom Rules: 
 
 1. Be in your assigned seat and ready to work when the bell rings.  
     3 tardies = 45 minute detention 
 
2. Bring required materials to every class, unless told otherwise by the teacher.  
 
3. Remain in your assigned seat unless you have permission to get up.  Do not at anytime go into  
    the laboratory area unless specifically given permission. 
 
 4. Do not eat or drink in class unless you have been given special permission.  
     WATER is permitted ONLY in the classroom section.   
 
 5. Talk only when permitted. 
 
6. Use you bathroom privileges sparingly, you are allotted 12 bathroom/locker passes per  
    quarter.  
 
7. Use polite speech and body language.  
 
 8. Follow directions the first time they are given. 
 
 9. Turn assignments in on time. 
 
 10. Purses and backpacks will be placed on the floor and hoods will be removed during class.  
 
11. Hats, calculator covers, and pencil cases are not permitted out during testing. 
 
12. Treat everyone and their property respectfully. 
 
#13. Follow all rules outlined in the safety contract. If unsafe practices are routinely disobeyed 
you will be removed from the lab and possible the course. Be safe. 
 
*14. You are responsible for knowing and following all rules set forth in the student handbook. 
 
Consequences for rule breaking: 
 
 *If a school rule is broken you will be referred to administration for discipline. 
 
 #If a critical safety rule is broken you will be referred to administration for discipline. 
 
 #If a non-critical safety rule is broken you will be assigned a 45min teacher detention. 
 
 If a classroom rule is broken the following steps will be taken: 
 - 1st offense: Warning either verbal or written 
 - 2nd offense: 30 minute teacher detention 
 - 3rd offense: 60 minute teacher detention  
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Once you have read this syllabus please sign and date below to indicate that you are aware of all of the 
information contained within it, and therefore also responsible for all information. Please give this to 
your parent/guardian to read and sign as well. The bottom portion of this sheet will be collected and kept 
as a record. 
 
 
 
 
 
Student              
 
 
 
Parent/Guardian            
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Course Title: AF Chemistry, Grade 11 
Course Instructor: Mrs. Paradise 
Course Text: Modern Chemistry 
 
Course Description: 
Chemistry is a college preparatory level course that is designed to help students realize the important role 
that chemistry will play in their lives, and to help prepare them to make informed decisions involving 
science and technology.  By understanding the fundamental chemical principles and concepts, we can 
better understand the ways in which the study of chemistry helps develop an awareness of the potential 
and the limitations of science.  From the classification of matter and the processes of science, to how 
acids and bases play an important role in nature, the topics presented in this course all serve to illustrate 
chemistry’s impact on society. 
 
This is also a laboratory course and therefore every seventh day there will be a long block lab period.  
Through work with a lab partner, the students will be able to get a more in-depth look at chemistry 
procedures and chemical technology.  In addition, proper laboratory techniques and problem solving 
skills will continuously be emphasized.  Students will be expected to be safety conscious in their 
laboratory conduct and follow the safety rules of the laboratory at all times. 
 
Course Requirements: 
During the course of one term you can expect 4 or 5 chapter tests; 7 or 8 laboratory reports; many quizzes 
and periodic checks of your homework assignments.  Your grade will be derived using a point system, the 
total number of points that you have earned will be divided by the number of available points, then 
multiplied by 100% for your grade average.  Tests are always worth 100 points, labs and quizzes vary 
from 20-70 points depending on the amount of work involved.  Always having your homework done will 
earn you points on your final term grade and having missing homework will deduct from your final term 
grade according to the number of missing assignments.  
 
Classroom Expectations: 
Late assignments are accepted no more than one day after they are due, however, the maximum amount 
of credit one can earn on a late assignment will be 50% of the earned grade.  Notebooks are required (I 
would suggest a three ring binder) and only simple calculators will be allowed for tests and quizzes 
(graphing calculators are prohibited).  
 
Students who are absent should obtain any missed notes from a fellow student, and if absent on the 
day of a known test will be expected to take the test on the very next time they are present in class.   
Any missed labs will need to be made up within one week of the lab, or will be given a zero.  The 
penalty for cheating is a grade of zero for that assignment or assessment for all parties involved, and 
parents and administrators will be notified. 
 
 
Extra Help: 
I am always around and I am more than glad to provide extra help for students when needed.  If parents 
need to reach me they can call the school (508-829-6771), extension 2104, or by email at 
Carol_Paradise@wrsd.net.   I am an advisor of the Mountaineer Volunteer club here at WRHS and our 
meetings are on Mondays.  Twice a month I have school meetings on Wednesdays, and therefore the best 
days for help would be on Tuesdays and Thursdays.   I also arrive usually by 7:00 am, and can be found 
in Room D208 or the prep room of D206.  I strongly encourage you to seek extra help if you are not 
understanding something, some things in chemistry can be challenging.   
Wachusett Regional High school page 1 of 1 
1401 Main Street 
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AF Chemistry, 11th grade 
Modern Chemistry, Holt, Rinehart, and Winston, 2002 
Ann M. Nann, B.S. Chemical Engineering Purdue University, MAT Clark University 
Course Overview: This course will prepare students who intend to take chemistry in college.  The 
course fulfills one of the three years required for high school graduation.  The course covers the basic 
principles of the composition and transformation of substances.  Students will discover chemical con-
cepts through hand-on laboratory experiments and will hone their math skills to solve problems. 
Learning Objectives: 
1. Students will be able to identify the properties of matter and distinguish between pure substances and mixtures.  
They will be able to describe the states of matter in terms of the kinetic molecular theory.  (MA Std 1.1-1.3) 
2. Students will be able to draw models of the atom from Dalton, Thomson, Rutherford, and Bohr  They will be 
able to describe Rutherford's gold foil experiment and identify the protons, neutrons, and electrons of an atom.  
Students will be able to write the electron configurations for elements. (MA Standard 2.1-2.4) 
3. Students will be able to identify metals, nonmetals, and metalloids on the periodic table, list the names and 
properties of specific groups in the periodic table, and correlate an element's electron configuration and its po-
sition in the periodic table.  They will identify and predict trends on the periodic table. (MA Standards 3.1-3.4) 
4. Students will be able to identify the number of valence electrons an atoms or ion has, draw those electrons in a 
Lewis dot structure, and then use that information to show whether the atom or ion forms ionic or covalent 
bonds.  Students will be able predict the shape of compounds using VSEPR theory.  They will be able to write 
the names and formulas of compounds, including those with polyatomic ions. (MA Standards 4.1-4.6)  Stu-
dents will be able to balance chemical reactions, identify the type of reaction, and convert moles or grams of 
one substance to moles or grams of another substance. (MA Standards 5.1-5.6) 
5. Students will be able to explain the behavior of gases using the kinetic molecular theory and calculate proper-
ties of gases using the gas laws, the combined gas law, and the ideal gas law. (MA Standards 6.1-6.5) 
6. Students will be able to describe how solutes dissolve in solvents and calculate the concentration.  They will be 
able to predict the effect of solutes on the properties of pure solvents and to identify the shift ion equilibrium 
when a stress is applied to the system. (MA Standards 7.1-7.6) 
7. Students will be able to contrast the acid-base theories and calculate the pH of solutions (MA Stds 8.1-8.2). 
Course requirements & how students will be evaluated: In order to be successful in this course, students 
will need to complete daily homework and weekly lab reports.  Homework is graded for effort, not for correct 
answers.  Labs are graded for completion of the specific parts of the lab report, neatness, accuracy of the data, 
and writing.  There will be weekly quizzes and chapter tests every 2-3 weeks. Full credit will only be given to 
students who have the correct answers with the proper units and significant figures.  Students will occasionally 
work in groups to complete activities or projects and their group effort will be graded.  Memorization of ions 
and formulas necessary for solving problems is essential to doing well in the course.  Each task is worth a spe-
cific number of points: daily homework is worth 3 points, quizzes are worth 10-50 points, group assignments, 
projects, and labs are worth 20-100 points, tests are worth 100-200 points.  Grades are calculated by adding up 
the total points earned divided by the total possible points.  
Policies: Students who are tardy to class will receive a detention.  Students must bring their binder, pencil, and 
calculator to class every day.  Students are expected to make up any tests, quizzes, labs, or homework they 
have missed.  There is no food or drinks allowed in the classroom.  All MP3 players, phones, etc. will be confis-
cated and given to an administrator.  Students who cheat on a quiz or test or copy another's work (including 
homework) will receive a 0 and their administrator and their parents will be notified.   
Extra help possibilities: By appointment after school Monday, Tuesday, and Thursday until 3:30. 
 
Syllabus 
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Syllabus 
 
AF Chemistry 
Nicholas A. Guerin 
nicholas_guerin@wrsd.net 
Text:   Modern Chemistry 
Course Overview 
Chemistry covers the basic principles of the makeup and transformation of substances. Emphasis is on the devel-
opment of chemical concepts with the equations and calculations necessary for their understanding. Laboratory  
experiments are used in the development of the concepts and to illustrate proper techniques. 
Learning Objectives 
This course will cover topics including the periodic table, atomic structure, the dynamics of chemical reactions, 
solution chemistry, qualitative and quantitative behavior of gases, and acid/base chemistry.  These topics will not 
be treated singularly, however, a heavy emphasis will be placed on how all of these topics are intertwined to- 
gether.   
Requirements/Expectations  
Students taking this course are expected be hardworking, motivated, organized, and possess the appropriate math 
skills.  Also the ability to memorize and apply information is critical to surviving chemistry.  Typically students  
who do not possess these qualities have not done as well as they would have hoped. 
All students are expected to bring a writing implement, scientific calculator (graphing calculators are prohibited), 
and a notebook to each class.  Students will not be supplied any of these items if they are forgotten.  Promptness  
is also required.  Any student who is tardy to class will be after school for a detention within 24 hours. 
Of course, students are expected to be to class on time with their homework completed to the best of their ability.  
In addition, all work must be shown when doing homework or taking a test or quiz.  This is to the student’s bene-
fit as partial credit will be awarded.  Any answer that does not show the student’s work will result in the loss of  
some credit for that problem. 
Students who are absent will be held accountable for the work they missed, in accordance with the student hand-
book.  I will make my class notes available to students, and it is also a good idea to obtain the missed notes from a 
fellow student.  A missed laboratory will need to be made within one week of the lab.  Labs can be made up on  
the following Monday or Thursday (these days are subject to change).  
NO LATE WORK WILL BE ACCEPTED 
It is imperative that each student behave properly, respect each other, respect the instructor, and respect the room 
in which the class is taught.  Inappropriate behavior will not be tolerated in any form, especially in the laboratory.  
Lab safety is of the utmost importance.  Any misconduct during a laboratory will result in a zero for that lab as- 
signment. 
Tests, quizzes and labs vary by how many points they are worth (but are weighted fairly). Grades are calculated 
by calculating a percentage of points you have compared to how many you could have.   
 
Extra Help 
I will be available before or after school any day for extra help (except Friday).  Preferably, I would appreciate the 
student making an appointment first.  I am very aware how difficult this subject is and I am willing to provide 
support for any student who would like it.  Unfortunately, there will be no opportunities for students to do 
extra credit assignments.     
 
Course Title: Honors Chemistry, Grade 11 
Course Instructor: Mrs. Paradise 
Course Text: Modern Chemistry 
 
Course Description: 
 
Chemistry is the study of the properties of matter and the physical and chemical changes 
to matter that can occur.  Every aspect of life around us involves chemistry and it is my 
hope that by taking this class you will realize how central chemistry is in making 
informed decisions involving science and technology.  The various facts, concepts, 
calculations and problem solving strategies you will be asked to learn should be thought 
of as tools to help you better understand the world around you.  From the classification of 
matter and the processes of science, to how acids and bases play an important role in 
nature, the topics presented in this course all serve to illustrate chemistry’s impact on 
society. 
 
This is also a laboratory course and therefore every seventh day there will be a long block 
lab period.  Through work with a lab partner, the students will be able to get a more in-
depth look at chemistry procedures and chemical technology.  In addition to reinforcing 
the scientific concepts of the course, proper laboratory techniques and safe use of lab 
equipment will continuously be emphasized.  Students will be expected to be safety 
conscious in their laboratory conduct and follow the safety rules of the laboratory at all 
times. 
 
Course Requirements: 
 
The Honors level of chemistry differs from the AF level namely by the larger amount of 
work expected; the ability to not only memorize but apply concepts as well; the use of 
higher level math skills; and the year long science project.  Chemistry is a subject that 
builds upon itself.  The content learned in the beginning chapters is used throughout the 
year and it is very important to realize this and not fall behind.  The more prepared you 
are for class by having your assignments done, the more you are able to ask questions 
when you don’t understand something. 
 
During the course of one term you can expect 4 or 5 chapter tests; 6 or 7 laboratory 
reports; and many quizzes.  Your grade will be derived using a point system, the total 
number of points that you have earned will be divided by the number of available points, 
then multiplied by 100% for your grade average.  Tests are always worth 100 points, labs 
and quizzes vary from 20-70 points depending on the amount of work involved.  I would 
suggest a three ring binder to help keep your notes and handouts organized, and a 
scientific calculator (graphing calculators are prohibited) and marble notebook for 
your labs is required.   Lastly, all work must be shown for full credit and no late 
work will be accepted.   
 
Students who are absent should obtain any missed notes from a fellow student, and 
if absent on the day of a known test will be expected to take the test on the very next 
time they are present in class.   Any missed labs will need to be made up within one 
week of the lab, or will be given a zero.  The penalty for cheating is a grade of zero for 
that assignment or assessment for all parties involved, and parents and administrators will 
be notified. 
 
 
Extra Help: 
 
I am always around and I am more than glad to provide extra help for students when 
needed.  If parents need to reach me they can call the school (508-829-6771) extension 
2104, or by email at Carol_Paradise@wrsd.net.  In addition, I am an advisor of the 
Mountaineer Volunteer club here at WRHS and our meetings are on Mondays after 
school, and twice a month I have school meetings on Wednesdays,  therefore the best 
days for help would be on Tuesdays and Thursdays.   I also arrive usually by 7:00 am, 
and can be found in Room D208 or the prep room of D206.  I strongly encourage you to 
seek extra help if you are not understanding something, some things in chemistry can be 
challenging.   
 
The Project:   
 
The independent research project required of you is worth 10% of your total course 
grade.  All guidelines and deadlines will be given to you in a later document and the 
entire project will be due on the Monday before April vacation,  no late projects will be 
accepted.   The final project must consist of a poster, a formal write-up, and a five minute 
presentation.  A failure to submit an approved project idea and the literature review (by 
October 17th) will require you to change into an AF level Chemistry class.  I hope you all 
enjoy your projects this year and that they help you to improve in your use of the 
scientific method and your critical thinking skills!!! 
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AP® Chemistry 
Wachusett Regional High School 
Nicholas A. Guerin 
Course Description 
AP® Chemistry is designed to be the equivalent of a first year college general chemistry course 
and follows the College Board’s AP® Chemistry syllabus. As such, the course is suitable for the best and 
brightest at the regional that have excelled in their first year chemistry course.  Students wishing to take 
AP® Chemistry must exhibit high levels of commitment, motivation, and academic maturity. This course 
presents a rigorous treatment of the following concepts: the nature of matter, gas laws, thermodynamics, 
stoichiometry, bonding, chemical kinetics, chemical equilibria, and more.  Successful completion of this 
course requires strong math skills, and students will also develop the ability to tie multiple concepts into 
one complex calculation. These problem-solving strategies obtained during this course will prepare col-
lege-bound students for careers in the sciences, medicine, engineering, and other technical areas.  
This course will nurture the student's ability to incorporate mathematical skills in the solution of 
chemistry problems, both through the use of textbook problems and laboratory activities. Since the AP® 
exam no longer allows the use of calculators during specific sections, significant emphasis will be placed 
on developing the student's ability to solve problems through dimensional analysis and estimation. 
Students will be required to do extensive writing, and to keep a thorough and accurate laboratory note-
book. 
To cover all of the material in the appropriate depth, AP® Chemistry will meet as a class and a half 
in the 14-day rotating schedule.  This means the class meets for a total of 11 hours every 14 school days, 
instead of the usual 7 hours of class time for a regular class.  Labs will be accommodated during the 
double periods or the period + 90-minute long-block combination, which occur at least once every school 
week.   
AP® Chemistry requires extensive laboratory work to reinforce and demonstrate key course concepts and ready the student for college chemistry.  Each student is required to keep a detailed lab notebook.  This notebook will be used to record every procedure, observation, and calculation.  Each lab will also require a written lab report, 
where the student will explain and outline each facet of the experiment conducted. 
The students’ grade will be calculated by taking a percentage of points you have compared to how 
many you could have. It is imperative that each student behaves properly, respect each other, respect the 
instructor, and respect the room in which the class is taught.  Inappropriate behavior will not be tolerated 
in any form, especially in the laboratory.  Lab safety is of the utmost importance.   Any misconduct 
during a laboratory will result in a zero for that lab assignment.   
 
Required Materials 
All students are expected to bring a writing implement, scientific calculator (graphing calcu-
lators are prohibited), and a three ring binder to each class.  A three ring binder to accommodate class 
notes, homework, handouts, quizzes, tests, and other class work is required.  Students also need a com-
position notebook to outline each laboratory procedure. Students will not be supplied any of these items if 
they are forgotten.  Promptness is also desired.  After a student’s first late arrival I will deduct one point 
from your point totals, which can have a dramatic impact on your grade. 
Syllabus 
 
 
  AP
® Chemistry 
Wachusett Regional High School 
Nicholas A. Guerin 
Course Description 
AP® Chemistry is designed to be the equivalent of a first year college general chemistry course and 
follows the College Board’s AP® Chemistry syllabus. As such, the course is suitable for the best and brightest 
at the regional that have excelled in their first year chemistry course.  Students wishing to take AP® Chemistry 
must exhibit high levels of commitment, motivation, and academic maturity. This course presents a rigorous 
treatment of the following concepts: the nature of matter, gas laws, thermodynamics, stoichiometry, bonding, 
chemical kinetics, chemical equilibria, and more.  Successful completion of this course requires strong math 
skills, and students will also develop the ability to tie multiple concepts into one complex calculation. These 
problem-solving strategies obtained during this course will prepare college-bound students for careers in the 
sciences, medicine, engineering, and other technical areas.  
This course will nurture the student's ability to incorporate mathematical skills in the solution of 
chemistry problems, both through the use of textbook problems and laboratory activities. Since the AP® exam 
no longer allows the use of calculators during specific sections, significant emphasis will be placed on 
developing the student's ability to solve problems through dimensional analysis and estimation. Students will 
be required to do extensive writing, and to keep a thorough and accurate laboratory notebook. 
To cover all of the material in the appropriate depth, AP® Chemistry will meet as a class and a half in 
the 14-day rotating schedule.  This means the class meets for a total of 11 hours every 14 school days, instead 
of the usual 7 hours of class time for a regular class.  Labs will be accommodated during the double periods or 
the period + 90-minute long-block combination, which occur at least once every school week.   
 AP® Chemistry requires extensive laboratory work to reinforce and demonstrate key course concepts 
and ready the student for college chemistry.  Each student is required to keep a detailed lab notebook.  This 
notebook will be used to record every procedure, observation, and calculation.  Each lab will also require a 
written lab report, where the student will explain and outline each facet of the experiment conducted. 
The students’ grade will be calculated by taking a percentage of points you have compared to how 
many you could have. It is imperative that each student behaves properly, respect each other, respect the 
instructor, and respect the room in which the class is taught.  Inappropriate behavior will not be tolerated in 
any form, especially in the laboratory.  Lab safety is of the utmost importance.   Any misconduct during a 
laboratory will result in a zero for that lab assignment.   
 
Required Materials 
All students are expected to bring a writing implement, scientific calculator (graphing calculators 
are prohibited), and a three ring binder to each class.  A three ring binder to accommodate class notes, 
homework, handouts, quizzes, tests, and other class work is required.  Students also need a composition 
notebook to outline each laboratory procedure. Students will not be supplied any of these items if they are 
forgotten.  Promptness is also desired.  After a student’s first late arrival I will deduct one point from your 
point totals, which can have a dramatic impact on your grade. 
 
Text 
Chemistry by Zumdahl  and Zumdahl, 7th ed., Houghton Mifflin Company, 2007. 
Lab Resources 
Laboratory Experiments for Advanced Placement Chemistry by Vonderbrink, Flinn Scientific, Inc., 1995. 
Laboratory Investigations: AP® Chemistry by David Hostage and Martin Fosset, People’s Education, 2006. 
Additional lab assignments that have been recommended and obtained from the following AP workshops will 
also be used. 
AP® Institute at St. Johnsbury, St. Johnsbury, VT. 
Taft AP® Institute at the Taft School, Waterbury, CT. 
Laboratory assignments will be taken from these sources and will be given to students as handouts. 
Course Overview (Note: that labs may be done out of sequence) 
Chapter 1: Chemical Foundation     Summer Work 
Topics Covered:  Scientific Method, Units of Measurement, Significant Figures, Dimensional Analysis, 
Temperature, Density, Classification of Matter  
Lab Experiment:  Basic Laboratory Equipment, Procedures, and CBL Refresher 
 
Chapter 2: Atoms, Molecules, and Ions      Sept. 5th-12th (1.5 Weeks) 
Topics Covered: Fundamental Chemical Laws, Dalton’s Atomic Theory, Atomic Structure and Classic 
Experiments, Modern Atomic Theory, Molecules, Ions, Periodic Table, Naming Simple Compounds 
Lab Experiment:  Empirical Formula of Magnesium Oxide 
 
Chapter 3: Stoichiometry      Sept. 13th-20th (1 Week) 
Topics Covered: Atomic Masses, Mole Concept, Percent Composition, Formula Determination, Balancing 
Chemical Equations, Stoichiometric Calculations, Limiting Reactant 
Lab Experiments:   The Size of a Molecule (Calculating Avogadro’s Number)  
    Gravimetric Analysis of Epsom Salt 
 Job’s Method of Continuous Variation 
 
Chapter 4: Types of Reactions and Solution Stoichiometry  Sept.  24th-Oct. 15th  (3 Weeks) 
Topics Covered: Water, Nature of Aqueous Solutions, Electrolytes, Composition of Solutions, Types of 
Reactions, Precipitation Reactions, Ionic Equations, Precipitation Stoichiometry, Acid-Base Reactions, 
Balancing Redox Reactions 
Lab Experiments: Qualitative Analysis (Identification Through Precipitation Reactions) 
   Acid-Base Titration (Volumetric Analysis) 
   Redox Titration 
 
 
 
 
(Course Overview con’t) 
Chapter 6: Thermochemistry      Oct. 16th-30th (2 Weeks) 
(Note: Chapter 5: Gases has been skipped to cover at a later date. This is done to get to the harder material 
(Equilibrium, Rate Laws) faster and to spend more time with them.) 
Topics Covered: Nature of Energy, Enthalpy and Calorimetry, Hess’s Law, Enthalpies of Formation, Present 
and New Sources of Energy 
Lab Experiments: Calorimetry of Endothermic and Exothermic Reactions 
Thermochemistry and  Hess’s Law 
 
Chapter 7: Atomic Structure and Periodicity    Oct. 31th-Nov. 15th (2 Weeks) 
Topics Covered: Electromagnetic Radiation, Bohr Model, Bright Line Spectra, Quantum Model of the Atom, 
History of the Periodic Table, Periodic Trends in Atomic Properties, Group Properties 
Lab Experiments:  Atomic Spectroscopy and Bohr’s Model 
   Flame Tests Revisited 
 
Chapters 8 & 9: Bonding: General Concepts     Nov. 16th- Dec. 3rd  (2 Weeks) 
  Covalent Bonding: Orbitals    
Topics Covered: Types of Bonds, Electronegativity, Bond Polarity, Ionic Compounds, Bond Character, 
Covalent Bonds, Bond Energies and Reactions, Lewis Structures, Octet Rule and Exceptions, Resonance, 
VSEPR, Hybridization, σ- and π-bonds 
 
Chapters 10 & 11: Liquids and Solids     Dec. 4th- 20th (2.5 Weeks) 
      Properties of Solutions  
Topics Covered: Intermolecular Forces, The Liquid State, Types of Solids, Metallic Bonding, Molecular 
Solids, Ionic Solids, Vapor Pressure and Changes of State, Phase Diagrams, Solution Composition, Energies 
of Solution Formation, Solubility, Vapor Pressure, Colligative Properties, Boiling Point Elevation, Freezing 
Point Depression, Osmotic Pressure, Colloids 
Lab Experiment:  Molar Mass by Freezing Point Depression 
    
Chapter 12: Chemical Kinetics     Dec. 21st-Jan. 11th (2 Weeks) 
Topics Covered:  Reaction Rates, Rate Laws, Determining the Form of a Rate Law, Integrated Rate Law, 
Reaction Mechanisms, Collision Theory, Catalysis 
Lab Experiments:  Rate Law Determination of the Crystal Violet Reaction 
   Differential and Integrated Rate Laws 
 
Chapter 13: Chemical Equilibrium      Jan. 12th-Jan. 28th (2 Weeks) 
Topics Covered: Equilibrium Condition, Equilibrium Constant, Pressure and Equilibrium, Heterogeneous 
Systems, Applications of K, Equilibrium Calculations, Le Châtlier’s Principle 
Lab Experiment:  Determination of Equilibrium Constant for the Formation of FeSCN2+ 
    
(Course Overview con’t) 
Chapter 14: Acids and Bases      Jan. 28th-Feb. 9th  (2 Weeks) 
Topics Covered: Nature of Acids and Bases, Acid Strength, pH Scale, pH Calculations for Strong and Weak 
Acids, Bases, Polyprotic Acids, Acid-Base Properties of Salts and Oxides, Lewis Acids and Bases 
Lab Experiments:  Finding Mass Percent of Acetic Acid in Vinegar 
   Determination of Acid Ionization Constant of a Weak Acid 
 
Chapter 15: Application of Aqueous Equilibria   Feb. 10th-Mar. 7th  (3 Weeks) 
Topics Covered: Acid Base Equilibria, Common Ion Effect, Buffered Solution, Titrations, pH Curves, 
Indicators, Solubility Equilibria, Solubility Product Constant, Precipitation Reactions, Complex Ion Equilibria 
Lab Experiments: Titration Curve Lab 
   Determination of the Equilibrium Constant of an Indicator 
   Determination of the Solubility Product Constant of Calcium Hydroxide 
 
Chapter 18: The Nucleus: A Chemists View    February Break  
Topics Covered: Nuclear Stability and Radioactive Decay, Nuclear Transformations, Detection and Uses of 
Radioactivity, Stability of the Nucleus, Nuclear Fission and Fusion, Effects of Radiation 
 
Chapter 16: Spontaneity, Entropy, and Free Energy   Mar. 7th-Mar. 18th(1.5 Weeks) 
Topics Covered: Spontaneity of Processes, Entropy, Second Law of Thermodynamics, Free Energy, Entropy 
Changes, Free Energy in Chemical Reactions, ∆G and Pressure, ∆G and Equilibrium, ∆G and Work 
 
Chapter 17: Electrochemistry      Mar. 19th-Apr. 1st (1.5 Weeks) 
Topics Covered: Galvanic Cells, Standard Reduction Potentials, Cell Potential, Electrical Work, and Free 
Energy, Dependence of Cell Potential on Concentration, Batteries, Corrosion, Electrolysis 
Lab Experiment:   Electrochemical Cells 
 
Chapter 22: Organic Chemistry     Apr. 2nd-Apr. 9th (1 Week) 
Topics Covered: Alkanes, Alkenes, Alkynes, Nomenclature of Organic Compounds, Reactions of Organic 
Compounds, Functional Groups 
Lab Experiments: Modeling Lab 
   Electrolytic Synthesis of Iodoform 
 
Chapter 5: Gases       Apr. 9th- Apr. 18th(1.5 Weeks) 
Topics Covered:  Pressure, Boyle’s Law, Charles’ Law, Avogadro’s Principle, Ideal Gas Law, Gas 
Stoichiometry, Dalton’s Law, Kinetic Molecular Theory, Effusion and Diffusion, Real Gases 
Lab Experiments:   Molar Mass of a Volatile Liquid 
Molar Volume of Gas 
 
 
(Course Overview con’t) 
AP® Exam Review and Preparation     Apr. 18th-mid May 12th (3 Weeks) 
During this time we will review material, discuss the examination, test taking strategies, and how multiple 
concepts that we have discussed will be bridged together.  This will be accomplished by review lab reports, 
past exam questions from the multiple-choice sections and open-response, and practice tests will be 
administered.  Emphasis will be placed on ionic equations, equilibrium problems, predicting redox reactions, 
and solubility rules. 
 
AP Chemistry Exam     May 13th 
7:45 AM St. Mary’s Church 
Good Luck 
 
After the Exam       May 14th-23rd (1.5 Weeks) 
Decompression, Airbag Lab, Unknowns Lab, Acid ID Lab,  
 
Senior Exams        Last Week in May 
 
Congraduations 
Science Explorations 1 and 2, Grade 9 and 10, AE 
 
Textbook: Johnson, G.B. & Raven, P.H. (2001). Biology. Holt, Rinehart, Winston; New 
York, NY. 
 
Mr. John Schaper, e-mail: john_schaper@wrsd.net, homework information: 
www.schoolnotes.com (type in zip code, select file under my name) 
 
Course Overview:  
Science Explorations 1 and 2 is a two-year life science sequence designed to cover the 
Massachusetts biology standards. Near the end of the second year after a complete review 
of the full two years students will take the Biology MCAS test. To help us learn we will 
use the methods of science as a process for inquiry as we study topics such as cellular 
structure and function, molecular genetics, heredity, taxonomy and evolution.  
 
Learning objectives:  
The Science Explorations 1 and 2 courses address the Biology Learning standards 
established by the Massachusetts Department of Elementary and Secondary Education. 
These standards can be found at their website www.doe.mass.edu . The content standards 
for biology require that students demonstrate knowledge of the following: the chemistry 
of life, cell biology, genetics, anatomy and physiology, evolution, biodiversity, and 
ecology.  
 
Course requirements  
 Come to class prepared to participate.  
 Keep your focus during class.  
 Make sure you are learning. Ask the questions you need to ask in order to 
understand.  
 Keep your work organized and in a three-ring binder.  
 Refer to your WRHS student handbook for information about making up 
assignments that are missed due to absence. 
 
Expectations of the teacher 
 I will tell you what you are going to learn each day.  
 I will assess your progress in learning and will tell you how you’re doing. 
 I will hold you to high standards of behavior and interaction with your classmates.  
  
Evaluation 
All aspects of your work in this course will be considered in determining your grade, 
these include: 
 Lab reports/Projects (25%) 
 Tests/Quizzes (40%) 
 Notebook checks (10%) 
 Homework (10%) 
 Participation (15%) 
 
Extra Help is available on Friday in the afternoon in Room D106 
 
 
Policies:  
 Homework assignments are due on the day stated. Late assignments will not be 
accepted except in the case of absence or documented learning plans. 
 Individual arrangements can be made in case of missed tests or labs due to 
absence 
 Every student is required to maintain a notebook containing class notes, handouts, 
homework and lab reports. A notebook check will occur near the end of each 
marking period.  
 Cheating, plagiarism and academic dishonesty will not be tolerated. Students 
suspected risk losing credit and may face disciplinary action.  
 
Rules 
 Be in your seat when the bell rings with the materials you need for class. 
 Respect the people, equipment, and furnishings of the room.  
 Adjust your voice level to suit the activity of the classroom. 
 Always listen carefully (remember others are trying to learn as well), raise your 
hand to contribute to discussions and follow directions the first time they are 
given. 
 Observe all rules in the student handbook. 
 
 
 
 
 
 
I have read and understand the material outlined in the syllabus.  
 
Student Name__________________________________________________ 
 
Student Signature_______________________________________________ 
 
Parent Signature________________________________________________ 
Course Name:  Science Explorations III- Introductory Physics 
 
Instructor:  C. Sullivan 
         carol_sullivan@wrsd.net 
         508.829.6771 ext 1637 
         B.A., M.A. Physics SUNY Geneseo 
 
Overview:  
Science Explorations III is a course designed specifically for juniors in the Sci. Exp. 
sequence.   
This class will finish the 3-year graduation requirement for lab sciences. 
This class is designed to prepare students to take the Introductory Physics MCAS test.  
 
Course Description: 
Sci Exp III will build on the foundations of Sci Exp I and II, by continuing to use hands-on, 
inquiry-based activities for labs, as well as note-taking and study skills developed previously. 
The topics will be new to students and will follow the State Framework for Introductory 
Physics.  
 
Concepts covered include:  
Motion and Forces (to include Vectors, Newton’s Laws of Motion, The Law of Universal 
Gravitation, Friction, and Circular motion) 
Conservation of Energy and Momentum (Potential and Kinetic Energy, Work, Power) 
Heat and Heat Transfer (Kinetic Theory, Phase Changes, Specific Heat Capacity, 
Greenhouse Effect, Newton’s Law of Cooling) 
Waves 
Electromagnetism 
Electromagnetic Radiation 
 
Homework:  Homework will only be assigned when students need to practice their 
understanding of a particular concept.  HOWEVER, all students should review their notes 
nightly and prepare questions if they are confused. 
 
Tests and Quizzes: There will be multiple opportunities for gaining a comfort level with 
MCAS- type questions.  However, most assessments will be small day-to-day checks. 
 
Cheating- Any student caught giving or receiving answers will receive a zero for that work, and 
parents will be notified.  No exceptions! 
 
Attendance:  Students should make every attempt to have excellent attendance.  A 
missed class usually results in confusion and difficulty in making up the work. 
 
*The overriding atmosphere of this class will be respect.  Each of you will be trying 
as hard as you can to learn the concepts necessary to pass the Physics MCAS.  This 
will be a challenge. No one will be allowed to pick on or tease anyone else.  We will 
all practice patience and be helpful to one another, respecting and accepting each 
other’s strengths and weaknesses. 
 
  Environmental Science 
 
Email: Outside of school you or your parents can reach me at jennifer_drew@wrsd.net 
Room: D201 
 
WRHS Mission Statement: The mission of the Wachusett Regional High School is committment to an 
educational process that fosters independence and responsibility in our students. By offering diverse, 
challenging, academic programs and rich co-curricular activities, WRHS strives to provide students 
with the skills and knowledge to achieve their potential as life-long learners. 
 
Department Philosophy: The Science department of Wachusett Regional High School strives for 
excellence in the science education of all its graduates. We recognize the fact that science is a human 
endeavor designed to achieve an increasingly comprehensive and reliable understanding of the human 
species and its environment. Scientific literacy is an important key to a functioning, technology-based 
society. The WRHS Science Curriculum is designed to provide all students the opportunity to meet the 
stated objectives in a logical, sequential comprehensive and varied manner. 
 
 
Overview: This year we will discover a wide variety of topics from the field of Environmental Science. 
Some major topics include (in no particular order): 
- Regionalization- where you live 
- Structural and Surficial Geology 
- Soils 
- Hydrology and Groundwater Protection 
- Solid Waste and Recycling 
- Wastewater and treatment 
- Toxicology 
- The Sun and the Seasons 
- Terrestrial Biomes 
- Spring Botany  
- Forestry 
- Urban Development and Sprawl 
Expectations:  
1. Mutual respect for myself and other students. This should be a fun class for everyone. 
2. Attend class every scheduled meeting on time. Be in your assigned seat and ready to work 
when the bell rings. 3 tardies = 45 minute detention 
3. NO Cheating. If caught cheating I will collect your paper, you will receive a zero, and I 
will call home. Cheating is considered receiving and giving answers. Cheating is also 
considered having the exact same answers in lab &/or any group work. 
4. Come to class prepared!! Bring all the materials you need (that includes paper and pencil), 
do your homework and class assignments, and go to the bathroom before class.  
5. Actively engage in class participation and ask questions. Your questions add value to the 
class, help you learn, and teach me things too. 
6. Follow all class rules: Watch your mouth, Follow the student handbook, Do not eat or 
drink in class unless you have been given special permission. WATER is permitted ONLY in 
the classroom section and Follow all lab safety rules!! If unsafe practices are routinely 
disobeyed you will be removed from the lab and possible the course. Be safe. 
7. Always try your best, show me you want to be here and learn, and take advantage of all 
avenues of success. 
 
Course Evaluation:  
1. Homework is to be complete by the following day of assignment unless otherwise stated. 
Homework is due at the beginning of class; half credit will be given same day as long as 
the work has not been gone over.  
2. No late work is accepted or graded. The only exception is with larger 
assignments/projects, which will be docked 10% for every day late.  If there are questions 
on homework they should be asked and addressed in class. Extra help is always available; 
just make an appointment with me.  
3.  Tests will always be announced. Quizzes may or may not be announced. Labs will also be 
an integral part of the course.  Projects may also be assigned. 
 
Grading Policy: Grades are based on a total points system.  This system also allows you to keep track 
of your own grades. Below are average point values. 
 
   Tests- 100 points each 
   Quizzes- 10-50 points each 
   Labs- 10-70 points each (depending on the lab) 
   Projects- variable 
   Homework/Classwork- 5-50 points each 
 
Although I expect you to keep track of your own grades, I will have them on my computer. If you’d like 
to know your grade please ask before class.  
 
Absences: All work that was due on the day you were absent should be passed in according to the 
student handbook. This means, if you were absent the day an assignment was due; I expect to see it 
upon your return to school. If you were absent on the day of a test, you will be expected to make up 
the test in class immediately upon your return. If you miss a review day before the test, you can 
choose to take the test on test day or on the following day. See me for special circumstances. 
 
 Lab Make-ups: If you MUST miss a lab you will have one week to make up the lab. 
Arrangements should be made with me to make up the lab after school. See me for special 
circumstances.   
 
 HW/Clsswrk Make-ups: Homework not handed in because of legitimate absences is subject 
to the same rules as missed tests. It is your responsibility to get missed assignments, 
handouts and worksheets distributed in your absence. 
 
 
Extra help:  I am always available, though my schedule will change, if you want to come by please let 
me know so I can make sure I’m here to help you.   
 
 
Once you have read this syllabus please sign and date below to indicate that you are aware of all of 
the information contained within it, and therefore also responsible for all information. Please give this 
to your parent/guardian to read and sign as well. The bottom portion of this sheet will be collected and 
kept as a record. 
 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
 
I have received and understand the terms outlined in this syllabus. 
 
 
Student Name: ____________________________________________ Date: 
 
 
Student Signature: _________________________________________ 
 
 
Parent/Guardian Signature:   _______________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
Course: Human Anatomy and Physiology 
Teacher: Mr. Denis Bernard 
Email:  denis_bernard@wrsd.net 
Text:  Hole’s Essentials of Human Anatomy and Physiology 
Year:  2008 – 2009 
 
Course Description: 
This course is designed to give students an understanding of the basic structure and functions of 
the human systems. Students preparing for health-related careers and those interested in studying 
the principles of biology using the human species as an example will find this course valuable. 
The course will study the anatomy and physiology of selected systems of the human body. 
Demonstrations and experiments will be used to illustrate the principles and concepts of the 
course including the problems of disease, nutrition, and heredity. Independent literature and 
electronic research will be required each term. A dissection of a fetal pig is a required part of the 
course. 
 
Grading: 
Grading is determined on a points basis.  Lab papers, and quizzes are given a small number of 
points (ex.10 or 50 points).  Tests and term papers are generally worth 100 points.  At the end of 
the term, the total number of assigned points is divided into the number of points earned by the 
student and a percentage or average is obtained. 
 
Classroom expectations: 
Students are expected to arrive to class on time.  Students are expected to have notebooks and 
necessary materials with them every day. A three-ringed binder is recommended for the many 
hand-outs, worksheets and other supplements given out in class.  These papers should be kept 
organized for review purposes and for use in class.  Students should read the text and use it as a 
supplement to their class notes.  Students should read over their notes on a daily basis.  Students 
will sometimes work in small groups and are expected to cooperate and interact with classmates. 
All cell phones, iPods and other electronic devices will be confiscated if seen/heard in class.  No 
food or drink, including water, will be allowed in the classroom for health and safety reasons. 
 
General Information: 
It is the student’s responsibility to obtain class assignments prior to attending fieldtrips.  The 
work must be completed on time; otherwise this will count as an absence according to 
Wachusett’s Attendance policy.   
 
Late assignments will be accepted no more than one day after they are due.  The maximum 
amount of credit one can earn on a late assignment will be 50% of the earned grade.  Late 
assignments will not receive any credit if the assignment has been discussed in class.  Any 
missed labs will need to be made up within one week of the lab or the student will earn a zero for 
the lab. I will schedule the day for after school lab make-up work.  Tests may be made up during 
a study or after school.  
 
 
I will be available for make-ups and to answer questions after school in room D209.  I do not 
have a set day that I stay for help and make-ups.  I will announce to the class which afternoon I 
will be available after school.  Please let me know in advance if you are planning on staying.  
 
Plagiarism or copying of any material as well as cheating will not be tolerated.  All individuals 
involved will earn a zero.  Parents and the appropriate administrator will be notified.  
 
If parents need to reach me they can email me or call the school (508-829-6771) and notify the 
student’s guidance counselor. 
 
 
Please read the attached Laboratory Safety Rules and then sign, date and return 
the Acknowledgement Page to Mr. Bernard. 
 
 
 
 
Acknowledgement Page 
 
I acknowledge having received and understand the terms outlined in the  
Human Anatomy and Physiology Syllabus, as well as, the Laboratory Safety 
Rules and will abide by all rules and expectations as set forth.   
 
Please sign, date and return to Mr. Bernard 
  
Student Name: ___________________________________________ 
 
Student Signature: ________________________________________ Date _______ 
 
Parent Signature: _________________________________________ Date _______ 
 
 
Course: Introduction to Biotechnology 
Teacher: Mr. Denis Bernard 
Email:  denis_bernard@wrsd.net 
Year:  2008 – 2009 
 
Course Description: 
This one semester class will explore the new and fast growing discipline of biotechnology. The 
purpose of the course is to introduce students to biotechnological techniques in both theory and 
practice. Topics to be studied will include microbiology, DNA studies, proteins, tissue culture 
and stem cell research. Whenever possible a hands on approach will be utilized. We will work 
with live bacterial cultures, DNA and proteins in our attempt to learn how these molecules and 
organisms are used in the biotechnology industry. Techniques will include Gram stains, 
electrophoresis, bacterial transformation, tissue culture, and ELISA’s. In addition the effect that 
these technologies have on society and the resultant controversies will be examined.  
 
Grading: 
The main tool for evaluation will be written papers, which are modified lab reports, tests and 
quizzes will be used on occasion. 
Grading is determined on a points basis.  Lab papers, and quizzes are given a small number of 
points (ex.10 or 50 points).  Tests and term papers are generally worth 100 points.  At the end of 
the term, the total number of assigned points is divided into the number of points earned by the 
student and a percentage or average is obtained. 
 
Classroom expectations: 
Students are expected to arrive to class on time.  Students are expected to have notebooks and 
necessary materials with them every day. A three-ringed binder is recommended for the many 
hand-outs, worksheets and other supplements given out in class.  These papers should be kept 
organized for review purposes and for use in class.  Students should read the text and use it as a 
supplement to their class notes.  Students should read over their notes on a daily basis.  Students 
will sometimes work in small groups and are expected to cooperate and interact with classmates. 
All cell phones, iPods and other electronic devices will be confiscated if seen/heard in class.  No 
food or drink, including water, will be allowed in the classroom for health and safety reasons. 
 
General Information: 
It is the student’s responsibility to obtain class assignments prior to attending fieldtrips.  The 
work must be completed on time; otherwise this will count as an absence according to 
Wachusett’s Attendance policy.   
 
Late assignments will be accepted no more than one day after they are due.  The maximum 
amount of credit one can earn on a late assignment will be 50% of the earned grade.  Late 
assignments will not receive any credit if the assignment has been discussed in class.  Any 
missed labs will need to be made up within one week of the lab or the student will earn a zero for 
the lab. I will schedule the day for after school lab make-up work.  Tests may be made up during 
a study or after school.  
 
 
I will be available for make-ups and to answer questions after school in room D209.  I do not 
have a set day that I stay for help and make-ups.  I will announce to the class which afternoon I 
will be available after school.  Please let me know in advance if you are planning on staying.  
 
Plagiarism or copying of any material as well as cheating will not be tolerated.  All individuals 
involved will earn a zero.  Parents and the appropriate administrator will be notified.  
 
If parents need to reach me they can email me or call the school (508-829-6771) and notify the 
student’s guidance counselor. 
 
 
Please read the attached Laboratory Safety Rules and then sign, date and return 
the Acknowledgement Page to Mr. Bernard. 
 
 
 
 
Acknowledgement Page 
 
I acknowledge having received and understand the terms outlined in the  
Introduction to Biotechnology Syllabus, as well as, the Laboratory Safety 
Rules and will abide by all rules and expectations as set forth.   
 
Please sign, date and return to Mr. Bernard 
  
Student Name: ___________________________________________ 
 
Student Signature: ________________________________________ Date _______ 
 
Parent Signature: _________________________________________ Date _______ 
 
 
  Natural History of New England 
 
Email: Outside of school you or your parents can reach me at jennifer_drew@wrsd.net 
Room: D201 
 
WRHS Mission Statement: The mission of the Wachusett Regional High School is committment to an 
educational process that fosters independence and responsibility in our students. By offering diverse, 
challenging, academic programs and rich co-curricular activities, WRHS strives to provide students 
with the skills and knowledge to achieve their potential as life-long learners. 
 
Department Philosophy: The Science department of Wachusett Regional High School strives for 
excellence in the science education of all its graduates. We recognize the fact that science is a human 
endeavor designed to achieve an increasingly comprehensive and reliable understanding of the human 
species and its environment. Scientific literacy is an important key to a functioning, technology-based 
society. The WRHS Science Curriculum is designed to provide all students the opportunity to meet the 
stated objectives in a logical, sequential comprehensive and varied manner. 
 
 
Overview: This year we will discover a wide variety of topics from the field of Environmental Science. 
Some major topics include (in no particular order): 
- Maps 
- Structural and Surficial Geology 
- Soils 
- Rocks 
- Climate 
- Weather 
- Terrestrial Biomes 
- Winter/ Spring Botany  
- Forestry/Dendrochronology 
- Urban Development and Sprawl 
Expectations:  
1. Mutual respect for myself and other students. This should be a fun class for everyone. 
2. Attend class every scheduled meeting on time. Be in your assigned seat and ready to work 
when the bell rings. 3 tardies = 45 minute detention 
3. NO Cheating. If caught cheating I will collect your paper, you will receive a zero, and I 
will call home. Cheating is considered receiving and giving answers. Cheating is also 
considered having the exact same answers in lab &/or any group work. 
4. Come to class prepared!! Bring all the materials you need (that includes paper and pencil), 
do your homework and class assignments, and go to the bathroom before class.  
5. Actively engage in class participation and ask questions. Your questions add value to the 
class, help you learn, and teach me things too. 
6. Follow all class rules: Watch your mouth, Follow the student handbook, Do not eat or 
drink in class unless you have been given special permission. WATER is permitted ONLY in 
the classroom section and Follow all lab safety rules!! If unsafe practices are routinely 
disobeyed you will be removed from the lab and possible the course. Be safe. 
7. Always try your best, show me you want to be here and learn, and take advantage of all 
avenues of success. 
 
Course Evaluation:  
1. Homework is to be complete by the following day of assignment unless otherwise stated. 
Homework is due at the beginning of class; half credit will be given same day as long as 
the work has not been gone over.  
2. No late work is accepted or graded. The only exception is with larger 
assignments/projects, which will be docked 10% for every day late.  If there are questions 
on homework they should be asked and addressed in class. Extra help is always available; 
just make an appointment with me.  
3.  Tests will always be announced. Quizzes may or may not be announced. Labs will also be 
an integral part of the course.  Projects may also be assigned. 
 
Grading Policy: Grades are based on a total points system.  This system also allows you to keep track 
of your own grades. Below are average point values. 
 
   Tests- 100 points each 
   Quizzes- 10-50 points each 
   Labs- 10-70 points each (depending on the lab) 
   Projects- variable 
   Homework/Classwork- 5-50 points each 
 
Although I expect you to keep track of your own grades, I will have them on my computer. If you’d like 
to know your grade please ask before class.  
 
Absences: All work that was due on the day you were absent should be passed in according to the 
student handbook. This means, if you were absent the day an assignment was due; I expect to see it 
upon your return to school. If you were absent on the day of a test, you will be expected to make up 
the test in class immediately upon your return. If you miss a review day before the test, you can 
choose to take the test on test day or on the following day. See me for special circumstances. 
 
 Lab Make-ups: If you MUST miss a lab you will have one week to make up the lab. 
Arrangements should be made with me to make up the lab after school. See me for special 
circumstances.   
 
 HW/Clsswrk Make-ups: Homework not handed in because of legitimate absences is subject 
to the same rules as missed tests. It is your responsibility to get missed assignments, 
handouts and worksheets distributed in your absence. 
 
 
Extra help:  I am always available, though my schedule will change, if you want to come by please let 
me know so I can make sure I’m here to help you.   
 
 
Once you have read this syllabus please sign and date below to indicate that you are aware of all of 
the information contained within it, and therefore also responsible for all information. Please give this 
to your parent/guardian to read and sign as well. The bottom portion of this sheet will be collected and 
kept as a record. 
 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
 
I have received and understand the terms outlined in this syllabus. 
 
 
Student Name: ____________________________________________ Date: 
 
 
Student Signature: _________________________________________ 
 
 
Parent/Guardian Signature:   _______________________ 
 
  Environmental Issues 
 
Email: Outside of school you or your parents can reach me at jennifer_drew@wrsd.net.  
Room: D201 
 
WRHS Mission Statement: The mission of the Wachusett Regional High School is committment to an 
educational process that fosters independence and responsibility in our students. By offering diverse, 
challenging, academic programs and rich co-curricular activities, WRHS strives to provide students 
with the skills and knowledge to achieve their potential as life-long learners. 
 
Department Philosophy: The Science department of Wachusett Regional High School strives for 
excellence in the science education of all its graduates. We recognize the fact that science is a human 
endeavor designed to achieve an increasingly comprehensive and reliable understanding of the human 
species and its environment. Scientific literacy is an important key to a functioning, technology-based 
society. The WRHS Science Curriculum is designed to provide all students the opportunity to meet the 
stated objectives in a logical, sequential comprehensive and varied manner. 
 
 
Overview: This year we will discover a wide variety of topics from the field of Environmental Science. 
We will be focusing on problems that effect the environment and people around the world as well as 
closer to home.  Some major topics include (in no particular order): 
- Global Warming  
- Invasive species 
- Soils Degradation and erosion 
- Groundwater Protection 
- Water Quantities 
- Solid Waste and Recycling 
- Wastewater and treatment 
- Toxicology and Pollution (Air, Water, etc) 
- Alternative Fuels 
- Natural Disasters 
- Spring Botany  
- Genetic Engineering 
- Resource Depletion 
- Urban Development and Sprawl 
Expectations:  
1. Mutual respect for myself and other students. This should be a fun class for everyone. 
2. Attend class every scheduled meeting on time. Be in your assigned seat and ready to work 
when the bell rings. 3 tardies = 45 minute detention 
3. NO Cheating. If caught cheating I will collect your paper, you will receive a zero, and I 
will call home. Cheating is considered receiving and giving answers. Cheating is also 
considered having the exact same answers in lab &/or any group work. 
4. Come to class prepared!! Bring all the materials you need (that includes paper and pencil), 
do your homework and class assignments, and go to the bathroom before class.  
5. Actively engage in class participation and ask questions. Your questions add value to the 
class, help you learn, and teach me things too. 
6. Follow all class rules: Watch your mouth, Follow the student handbook, Do not eat or 
drink in class unless you have been given special permission. WATER is permitted ONLY in 
the classroom section and Follow all lab safety rules!! If unsafe practices are routinely 
disobeyed you will be removed from the lab and possible the course. Be safe. 
7. Always try your best, show me you want to be here and learn, and take advantage of all 
avenues of success. 
 
Course Evaluation:  
1. Homework is to be complete by the following day of assignment unless otherwise stated. 
Homework is due at the beginning of class; half credit will be given same day as long as 
the work has not been gone over.  
2. No late work is accepted or graded. The only exception is with larger 
assignments/projects, which will be docked 10% for every day late.  If there are questions 
on homework they should be asked and addressed in class. Extra help is always available; 
just make an appointment with me.  
3.  Tests will always be announced. Quizzes may or may not be announced. Labs will also be 
an integral part of the course.  Projects may also be assigned. 
 
Grading Policy: Grades are based on a total points system.  This system also allows you to keep track 
of your own grades. Below are average point values. 
 
   Tests- 100 points each 
   Quizzes- 10-50 points each 
   Labs- 10-70 points each (depending on the lab) 
   Projects- variable 
   Homework/Classwork- 5-50 points each 
 
Although I expect you to keep track of your own grades, I will have them on my computer. If you’d like 
to know your grade please ask before class.  
 
Absences: All work that was due on the day you were absent should be passed in according to the 
student handbook. This means, if you were absent the day an assignment was due; I expect to see it 
upon your return to school. If you were absent on the day of a test, you will be expected to make up 
the test in class immediately upon your return. If you miss a review day before the test, you can 
choose to take the test on test day or on the following day. See me for special circumstances. 
 
 Lab Make-ups: If you MUST miss a lab you will have one week to make up the lab. 
Arrangements should be made with me to make up the lab after school. See me for special 
circumstances.   
 
 HW/Clsswrk Make-ups: Homework not handed in because of legitimate absences is subject 
to the same rules as missed tests. It is your responsibility to get missed assignments, 
handouts and worksheets distributed in your absence. 
 
 
Extra help:  I am always available, though my schedule will change, if you want to come by please let 
me know so I can make sure I’m here to help you.   
 
 
Once you have read this syllabus please sign and date below to indicate that you are aware of all of 
the information contained within it, and therefore also responsible for all information. Please give this 
to your parent/guardian to read and sign as well. The bottom portion of this sheet will be collected and 
kept as a record. 
 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
 
I have received and understand the terms outlined in this syllabus. 
 
 
Student Name: ____________________________________________ Date: 
 
 
Student Signature: _________________________________________ 
 
 
Parent/Guardian Signature:   _______________________ 
 
 
 
 
 
 
 
Forensic Science 
 
Email: Outside of school you or your parents can reach me at  jennifer_drew@wrsd.net 
Room: D201 
 
WRHS Mission Statement: The mission of the Wachusett Regional High School is committment to an 
educational process that fosters independence and responsibility in our students. By offering diverse, 
challenging, academic programs and rich co-curricular activities, WRHS strives to provide students 
with the skills and knowledge to achieve their potential as life-long learners. 
 
Department Philosophy: The Science department of Wachusett Regional High School strives for 
excellence in the science education of all its graduates. We recognize the fact that science is a human 
endeavor designed to achieve an increasingly comprehensive and reliable understanding of the human 
species and its environment. Scientific literacy is an important key to a functioning, technology-based 
society. The WRHS Science Curriculum is designed to provide all students the opportunity to meet the 
stated objectives in a logical, sequential comprehensive and varied manner. 
 
 
Overview: This year we will discover a wide variety of topics from the field of Forensic Science. Some 
major topics include (in no particular order): 
- History and definition of forensics 
- Physical Evidence 
- Walking a crime scene and legal considerations 
- Hair and Fiber Analysis 
- Blood Spatter and Typing 
- DNA Analysis 
- Skeletal remains and Entomology 
- Fingerprinting 
- Soil Analysis 
- Arson 
- Poisons and Toxicology 
- Ballistics 
Expectations:  
1. Mutual respect for myself and other students. This should be a fun class for everyone. 
2. Attend class every scheduled meeting on time. Be in your assigned seat and ready to work 
when the bell rings. 3 tardies = 45 minute detention 
3. NO Cheating. If caught cheating I will collect your paper, you will receive a zero, and I 
will call home. Cheating is considered receiving and giving answers. Cheating is also 
considered having the exact same answers in lab &/or any group work. 
4. Come to class prepared!! Bring all the materials you need (that includes paper and pencil), 
do your homework and class assignments, and go to the bathroom before class.  
5. Actively engage in class participation and ask questions. Your questions add value to the 
class, help you learn, and teach me things too. 
6. Follow all class rules: Watch your mouth, Follow the student handbook, Do not eat or 
drink in class unless you have been given special permission. WATER is permitted ONLY in 
the classroom section and Follow all lab safety rules!! If unsafe practices are routinely 
disobeyed you will be removed from the lab and possible the course. Be safe. 
7. Always try your best, show me you want to be here and learn, and take advantage of all 
avenues of success. 
 
Course Evaluation:  
1. Homework is to be complete by the following day of assignment unless otherwise stated. 
Homework is due at the beginning of class; half credit will be given same day as long as 
the work has not been gone over.  
2. No late work is accepted or graded. The only exception is with larger 
assignments/projects, which will be docked 10% for every day late.  If there are questions 
on homework they should be asked and addressed in class. Extra help is always available; 
just make an appointment with me.  
3.  Tests will always be announced. Quizzes may or may not be announced. Labs will also be 
an integral part of the course.  Projects may also be assigned. 
 
Grading Policy: Grades are based on a total points system.  This system also allows you to keep track 
of your own grades. Below are average point values. 
 
   Tests- 100 points each 
   Quizzes- 10-50 points each 
   Labs- 10-70 points each (depending on the lab) 
   Projects- variable 
   Homework/Classwork- 5-50 points each 
 
Although I expect you to keep track of your own grades, I will have them on my computer. If you’d like 
to know your grade please ask before class.  
 
Absences: All work that was due on the day you were absent should be passed in according to the 
student handbook. This means, if you were absent the day an assignment was due; I expect to see it 
upon your return to school. If you were absent on the day of a test, you will be expected to make up 
the test in class immediately upon your return. If you miss a review day before the test, you can 
choose to take the test on test day or on the following day. See me for special circumstances. 
 
 Lab Make-ups: If you MUST miss a lab you will have one week to make up the lab. 
Arrangements should be made with me to make up the lab after school. See me for special 
circumstances.   
 
 HW/Clsswrk Make-ups: Homework not handed in because of legitimate absences is subject 
to the same rules as missed tests. It is your responsibility to get missed assignments, 
handouts and worksheets distributed in your absence. 
 
 
Extra help:  I am always available, though my schedule will change, if you want to come by please let 
me know so I can make sure I’m here to help you.   
 
 
Once you have read this syllabus please sign and date below to indicate that you are aware of all of 
the information contained within it, and therefore also responsible for all information. Please give this 
to your parent/guardian to read and sign as well. The bottom portion of this sheet will be collected and 
kept as a record. 
 
 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
 
I have received and understand the terms outlined in this syllabus. 
 
 
Student Name: ____________________________________________ Date: 
 
 
Student Signature: _________________________________________ 
 
 
Parent/Guardian Signature:   _______________________ 
 
 
 
 
 
 
 
 
 
Course: Biology – Academic Enrichment 
Teacher: Ms. Litterio-Foster 
Email:  beth_litterio-foster@wrsd.net 
Text:  Biology by Holt, Rinehart & Winston 
Year:  2008 – 2009 
 
Course Description: 
A full year course designed for the college preparatory student.  The goal of the course is the 
student’s understanding of the living world.  Learning is achieved in integrated ways by active 
participation in the process of science through hands-on activities, laboratory work, class 
discussions and cooperative learning.  The course requires a high reading comprehension and 
good mathematics background.  The main topics covered are the Scientific Method, the chemical 
basis of life, the Cell Theory with emphasis on cell processes, energy in living systems, the 
Chromosome Theory of Inheritance, genetics, the evolution of life and taxonomy.  Students who 
attend class regularly, study at home and keep up with assignments are very successful in this 
course. 
 
Grading: 
Grading is determined on a points basis.  Lab papers, assignments and quizzes are given a small 
number of points (ex.10 or 25 points).  Tests are generally worth 100 points.  The amount of 
material covered and level of difficulty corresponds to the amount of points that the assignment 
is worth.  At the end of the term, the total number of assigned points is divided into the number 
of points earned by the student and a percentage or average is obtained. 
 
Classroom expectations: 
Students are expected to arrive to class on time.  Students are expected to have notebooks and 
necessary materials with them every day. A three-ringed binder is recommended for the many 
hand-outs, worksheets and other supplements given out in class.  These papers should be kept 
organized for review purposes and for use in class.  Students should read the text and use it as a 
supplement to their class notes.  Students should read over their notes on a daily basis.  Students 
will work in small groups and are expected to cooperate and interact with classmates. All cell 
phones, iPods and other electronics will be confiscated if seen/heard in class.  No food or drink 
will be allowed in the classroom for health and safety reasons. 
 
General Information: 
It is the student’s responsibility to obtain class assignments prior to attending fieldtrips.  The 
work must be completed on time; otherwise this will count as an absence according to 
Wachusett’s Attendance policy.   
 
Homework assignments must be completed before the class period that they are due.  Late 
assignments will be accepted no more than one day after they are due.  The maximum amount of 
credit one can earn on a late assignment will be 50% of the earned grade.  Late assignments will 
not receive any credit if the assignment has been covered in class.  Any missed labs will need to 
be made up within one week of the lab or the student will earn a zero for the lab. I will schedule 
the day for after school lab make-ups. 
 
Plagiarism or copying of any material as well as cheating will not be tolerated.  All individuals 
involved will earn a zero.  Parents and the appropriate administrator will be notified.  
 
I will be available for make-ups and to answer questions after school in room D116.  I do not 
have a set day that I stay for help and make-ups.  Weekly I will announce to the class which 
afternoon I will be available after school.  Please let me know in advance if you are planning on 
staying.  
 
If parents need to reach me they can email me or call the school (508-829-6771) and notify the 
student’s guidance counselor. 
 
 
Please read the attached Laboratory Safety Rules and then sign, date and return 
the Acknowledgement Page to Ms. Litterio-Foster. 
 
 
 
 
Acknowledgement Page 
 
I acknowledge having received and understand the terms outlined in the  
AE Biology Syllabus, as well as, the Laboratory Safety Rules and will abide by 
all rules and expectations as set forth.   
 
Please sign, date and return to Ms. Litterio-Foster 
  
Student Name: ___________________________________________ 
 
Student Signature: ________________________________________ Date _______ 
 
Parent Signature: _________________________________________ Date _______ 
 
 
 
Syllabus 
 
 
 
Wachusett Regional High School 
1401 Main Street 
Holden, MA 10520 
 
 
Chemistry AF  
Grades 11-12 
 
Textbook:  Modern Chemistry – Holt, Rinehart, and Winston 
 
Teacher:  Mrs. Weymouth 
Contact: Lauralynn_Weymouth@wrsd.net 
Office:  Room C218 
 
Course Overview: This course provides an in-depth study of chemistry as an experimental 
science for the college bound student. This course will cover basic concepts of chemistry including 
physical and chemical properties, the periodic table, atomic structure, chemical bonding, 
chemical reactions, stoichiometry, phases of matter, and acids and bases. A requirement of the 
class is the memorization of ions and formulas necessary for the study of chemistry. Course work 
as well as laboratory work will be performed to reinforce key concepts and to deepen students’ 
understanding. Proper laboratory techniques and lab safety will be discussed throughout the year. 
Students will be expected to work seriously and in a safety conscious manner when in the 
laboratory. Over the course of the year, skills and techniques in handling materials, apparatus, 
and concepts will be developed. 
 
Learning Objectives: Through participation in this course students will gain an understanding 
of chemistry, and be able to apply chemistry concepts to real life situations.  
 
Course Requirements: All students are expected to be present in class on time every day. 
Students are expected to come to class prepared. All work that is due must be completed before 
the class period begins. Students are expected to bring a pen or pencil, calculator, and three ring 
binder or notebook and folder to class each day. Students must bring past work and notes to class 
every day.  
 
Evaluation: Grading for this course is done using a points system. A student’s average is 
calculated but dividing the total number of points earned by the total number of points possible, 
and then multiplying by 100%.  
• Tests are typically worth 100 points, but may vary based on the number of concepts 
covered.  
• Labs and quizzes are about 30 points, but may range between 10 and 50 points. 
• Homework is not factored in to the average until the end of a term. Homework is assigned 
and checked regularly. If every homework assignment for the term is completed, one 
point will be added to the student’s final term average. If the student misses 1-2 
homework assignments, the term average is unchanged. If the student misses 3 or more 
homework assignments over the course of a term, 1 point will be deducted for each 
assignment, starting with the third. 
 
Number of Homework Assignments Missed Alteration to Term Average 
0 +1 
1 0 
2 0 
3 -1 
4 -2 
• Chapter packets are packets of worksheets that are done in class and at home. The chapter 
packet will be collected the day of the test and will count as a small quiz grade, ranging 
from 5 -  20 points.  
• Projects will be assigned throughout the year and may range in points from 15 – 50.  
• Late homework will not be accepted. 
• Late written assignments such as labs or projects will be accepted one day late for 50% credit. 
After that they will not be accepted.  
 
Classroom Policies: The following policies are in place to help provide an environment in 
which all students can learn. 
• Safety is always a concern in a chemistry classroom. There will be no tolerance for any 
behavior that is considered unsafe. 
• Respect is necessary to make all students feel comfortable. It is expected that each student 
will be respectful of himself or herself, other students, and the teacher. 
• Leaving the room to use the restroom is always a distraction, but is sometimes necessary. 
Should you need to leave, ask permission first, then sign out the pass and bring it with 
you. Sign the pass back in upon your return to the room.  
 
Make-up work: In order to return work to other students in a prompt manner, all make-up 
work must be completed as soon as possible. If you miss a lab, test, or quiz, it is your responsibility 
to seem me immediately upon your return to schedule a make-up at my earliest convenience. 
Failure to do so may result in a zero on the assignment. 
 
Extra Help: Extra help is available several days each week before and after school. If you would 
like to come for extra help, please see me ahead of time so we can schedule a time for help. You 
may also feel free to stop in before or after school and if I am around, I would be more than 
happy to help. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I have read and understand the above course syllabus 
 
 
 
(student signature)        (date) 
 
 
 
(parent/guardian signature)       (date) 
 
 
 
Syllabus 
 
 
 
Wachusett Regional High School 
1401 Main Street 
Holden, MA 10520 
 
 
Science Explorations and Interactions I 
Grade 9 
 
Teacher:  Mrs. Weymouth 
Contact: Lauralynn_Weymouth@wrsd.net 
Office:  Room C218 
 
Course Overview: This course is the first year of a 3-year sequential course. Topics  for this 
year will include scientific investigation, the SI system of measurement, atomic structure, chemical 
bonding, and laboratory techniques and safety.  
 
Learning Objectives: Through participation in this course students will gain an understanding 
of science and how it applies to their lives.  
 
Course Requirements: All students are expected to be in class on time every day. Students are 
expected to come to class prepared. Students are expected to bring a pen or pencil and calculator 
to class each day. A three-ring binder will be provided and will remain in the classroom.  
 
Evaluation: Grading for this course is done using a points system. A student’s average is 
calculated but dividing the total number of points earned by the total number of points possible, 
and then multiplying by 100%.  
• Tests are typically worth 100 points, but may vary based on the number of concepts 
covered.  
• Labs, quizzes, and in class assignments are about 30 points, but may range between 5 and 50 
points. 
• Projects will be assigned throughout the year and may range in points from 15 – 50.  
• Late written assignments will lose 10% credit each day they are late.   
 
Classroom Policies: The following policies are in place to help provide an environment in 
which all students can learn. 
• Safety is always a concern in a chemistry classroom. There will be no tolerance for any 
behavior that is considered unsafe. 
• Respect is necessary to make all students feel comfortable. It is expected that each student 
will be respectful of himself or herself, other students, and the teacher. 
• Leaving the room to use the restroom is always a distraction, but is sometimes necessary. 
Should you need to leave, ask permission first, then sign out the pass and bring it with 
you. Sign the pass back in upon your return to the room.  
 
Make-up work: In order to return work to other students in a prompt manner, all make-up 
work must be completed as soon as possible. If you miss a lab, test, or quiz, it is your responsibility 
to seem me immediately upon your return to schedule a make-up at my earliest convenience.  
 
Extra Help: Extra help is available several days each week before and after school. If you would 
like to come for extra help, please see me ahead of time so we can schedule a time for help. You 
may also feel free to stop in before or after school and if I am around, I would be more than 
happy to help. 
 
 
 
 
I have read and understand the course syllabus 
 
 
 
(student signature)        (date) 
 
 
 
(parent/guardian signature)       (date) 
 
 
 
 
 
 
 
 
 
 
Mrs. Wright 
AF/AE Forensic Science 
Text: Fundamentals of Forensic Science by Max Houck and Jay Siegel (In-class text) 
Office Hours: Monday and Wednesday 2:30-3:30 or by appointment 
Email: Leighann_wright@wrsd.net 
 
Course Overview: Welcome to Forensic Science! Together we will discuss and explain 
the wide range of topics that is Forensic Science. Topics that we will cover may include 
in no particular order: Career considerations, Physical Evidence, Hair and Fiber, 
Fingerprints, Footprints and Impressions, DNA analysis, Blood Analysis, Blood Spatter, 
Anthropology, Entomology, Handwriting Analysis and Disputed documents 
 
Learning Objectives:  
Students will be able to use the SI system of measurement to gain quantifiable results.  
Students will be able to use microscopes to analyze evidence 
Students will be able to apply the scientific method to a problem to answer a scientific 
question. 
Students will be able to explain how physical evidence can be captured and measured 
quantifiably to be used in a criminal trial 
 
Course Requirements and Evaluation:  
In order to be successful in this class, students will: 
-Complete homework on time. 
-Complete all Quizzes, Tests, Projects, and Labs. Evaluations are graded on a Total Point 
system:                              Tests:        50 – 100 points 
         Quizzes:    20 – 50 points 
         Projects:    50 – 100 points 
         Homework: 5 - 20 points 
Evaluations are intended to test the students understanding of topics covered as well as 
test their critical thinking and ability to apply the scientific method to answer open-ended 
questions. 
 
Classroom Policies 
Students are expected to attend all classes unless there is a stated health or family reason. 
Late work is accepted in the case of an absence as per the student handbook – otherwise, 
late work may be passed in up to one week later but will only receive 50% of the original 
score. 
Students are expected to follow classroom rules at all times, failure to do so will result in 
penalties including Teacher detention, school detention, Loss of credit for a lab 
assignment or loss of laboratory privileges. 
 
Students who complete required assignments and take initiative in their own learning will 
find success in this course! 
 
 
 
 
 
 
 
Class Room Rules: 
- Students must ask permission to use the lavatory pass.  
- Students must show respect at all times to other students and Mrs. Wright - They 
must use respectful language in class at all times. 
- Students must abandon all non-biology related conversations until class is over. 
- Students must not have cell phones or other electronic devices while in class. 
- Students must come to class prepared to learn to the best of their ability. 
- Students are expected to schedule make-up Labs, Exams, Quizzes etc. the first 
day they return after being absent.   
- Students are expected to demonstrate integrity at all times. Cheating of any 
sort will absolutely not be tolerated and will result in loss of credit as well as 
further disciplinary measures 
 
 
 
 
 
 
Signed:__________________________________  date:________________ 
 
  Student signature 
 
 
Signed:__________________________________ date:________________ 
 
  Parent Signature 
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 Appendix I: AF Level C Block Lecture Notes 
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1 
Heat 
Chapter 21:  
Temperature, Heat, and Expansion 
10/8/08 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Matter and Molecules 
 All matter is composed of molecules or 
atoms 
 These atoms are constantly in motion and 
have kinetic energy 
 This kinetic energy effects the warmth of 
an object 
Temperature 
 Definition: Quantity that tells us how hot or 
cold something is 
 Three Scales 
 Celsius 
 Fahrenheit 
 Kelvin 
 Absolute Zero occurs when an object has 
no kinetic energy because the molecules 
cannot move 
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Converting between the Three 
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How It Works: Thermometer 
 Materials 
 Tap Water 
 Rubbing Alcohol 
 Plastic Bottle 
 Food Coloring 
 Straw 
 Clay 
How It Works: Thermometer 
 Procedure 
 Pour Equal parts of tap water and rubbing alcohol 
into the bottle, filling about 1/8 of the bottle 
 Add a couple drops of food coloring 
 Put the straw in the bottle but don’t let the straw 
touch the bottom 
 Use the clay to seal the bottle and keep the straw 
in place 
 Now put the bottle into the hot water then the cold 
water and mark the level of the liquid on the bottle 
each time 
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How It Works: Thermometer 
 Almost everything expands 
when it is heated 
 The expansion of the liquid 
when heated and 
contraction of it when 
cooled is marked at certain 
points called degrees on the 
thermometer giving it a 
scale 
Kinetic Energy 
 Temperature is a measure of the average
 kinetic energy of the atoms 
 The greater the temperature, the greater
 the kinetic energy 
 That’s why we can say the theoretical 0 K
 is when all motion stops. 
 The temperature change of an object,
 measured in K (absolute temperature), is
 proportional to the change in average
 kinetic energy of its atoms/molecules 
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Activity 
 Pretend to be molecules  
 Stand still and close together 
  Now start to wiggle  
 Now walk and move around  
 Now move faster and jump up and down  
 Now stop and notice where you are  
 You are much further apart and warmer
 just like the molecules when energy is
 added to you. 
Experiment 
 You have two bowls, Fill one with hot water and
 another with the same amount of cold water  
 When the water is still, put a drop of food
 coloring into the center of each bowl.  
 As the water molecules bump into the food
 color molecules, the food color will move
 around. Since the hot water molecules are
 moving faster, they will bump into the food
 color harder and more frequently causing it to
 spread more quickly than the food color in the
 cold water.  
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Heat 
 Heat is the
 transfer of
 energy when
 there is a
 difference of
 average
 kinetic
 energies
 (temperature) 
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Heat and Temperature 
What this is saying is that
 energy ﬂows from high
 kineHc energy to low kineHc
 energy – heat is the ﬂow of
 energy 
Internal Energy 
 The grand total of all of the energies 
 An object doesn’t contain heat but
 contains internal energy 
 When heat is flowing it is said two objects
 are in thermal contact 
 Heat is the transfer of the internal energy
 of two objects 
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Hot Tack vs. Warm Bucket Water 
 The heat flows from the very hot tack to
 the warm bucket of water as the
 temperature difference would tell us  
 BUT the Warm bucket of water has a
 greater internal or total energy  
 The hot tack has a greater average kinetic
 energy 
Today’s Labs: 
Heat Mixes I 
Heat Mixes II 
Be very careful!! We are dealing 
with hot and cold water.  Follow all 
instrucHons COMPLETELY. 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Thermal Contact 
 Allows for the flow of heat
 between two objects 
 Heat flows from higher
 temperatures to lower
 temperatures 
 Heat does not flow based
 on net energy or total
 energy – it flows based on
 kinetic energy 
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Thermal Equilibrium 
 When two objects reach the same
 temperature they are said to be in thermal
 equilibrium 
 In thermal equilibrium there is no heat
 transfer 
 A thermometer is a perfect example of this 
Thermal Equilibrium and the Thermometer 
 Every time you put a thermometer into something
 to measure the temperature it is actually
 measuring the temperature of itself 
 The substance and the
 thermometer are in thermal
 contact, heat transfers until
 thermal equilibrium is reached 
 The liquid in the
 thermometer expand or
 contracts according to what
 its temperature is 
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Measurement of Heat 
 Measurement of the energy it takes to
 create a difference in temperature 
 Measured in calories or joules 
 One calorie is defined as the amount of heat
 required to raise the temperature of 1 gram of
 water by 1°C 
 1 calorie = 4.184 Joules 
 The kilocalorie is also important to us 
 Abbreviated Calorie 
 It is the heat required to raise the temperature
 of 1 kg of water by 1°C   
How many joules of energy are
 transferred by a 100 Watt bulb in 4
 hours? 
 1 W = 1J/s 
 So using dimensional analysis 
100W = 100J x 3600s x 4hr 
1s       1hr 
1440 kJ 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Specific Heat Capacity 
 Have you noticed that sometimes foods
 remains warmer than others for longer
 amounts of time? 
 This shows the specific heat capacity of
 each. 
 Different substances have different
 capacities for storing internal energy 
Specific Heat Capacity 
 A gram of water requires 1 calorie to
 raise it by 1°C whereas iron takes 1/8th
 of a calorie – 1/8th as much energy 
 Water absorbs more heat per gram for
 the same change in temperature so we
 say water has a high specific heat
 capacity 
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Specific Heat Capacity 
 In this picture water
 has a higher specific
 heat than the sand. 
 You can tell because
 they are getting the
 same energy from
 the sun but the water
 is cooler. 
Specific Heat Capacity 
 Think of it as a type of thermal inertia, a
 resistance to a change in temperature 
 The water has less desire to change
 compared to that of the iron and the sand 
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Specific Heat of Water 
 Water has a high specific heat in
 comparison to many common materials 
 The specific heat of water is 1cal/g°C 
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How many calories are absorbed by a pot
 of water with a mass of 500g in order to
 raise the temperature from 20°C to 30°C? 
Practice Problem 
5000 calories = 5 Calories 
If the speciﬁc heat of iron = 0.46 J/g°C, how
 much heat is needed to warm 50g of iron
 from 20°C to 100°C? 
Practice Problem 
1840 Joules 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If it takes 105 calories to warm 100g of
 aluminum from 20°C to 25°C, what is the
 speciﬁc heat of aluminum? 
Practice Problem 
0.21cal/g°C 
Burning Cheetos 
 How long do you think one will burn for? 
 How do we calculate the amount of energy
 that is being transferred from the burning
 Cheeto to the water? 
 Can we calculate the specific heat of the
 cheeto? 
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Demonstration: Ball and Ring 
 As you heat the ball or
 the ring each expand 
 Both the outer and
 inner radius of the ring
 expand making it a
 larger hole for the ball
 to fit through 
 The ball also expands
 in all directions 
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Thermal Expansion 
 Everything expands as a different rate 
 As molecules move around they gain more
 energy and need more space 
 As things change phase bond break
 between molecules and they spread out
 making the volume greater 
Remember 
 When we did the activity when you moved
 around the room. The more you moved
 the further apart you got.  This happens to
 the molecules as the temperature
 (average kinetic energy) is increased.  
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Demonstration: Bimettallic Strip 
 Two different rates of
 expansion and cooling
 allows for bending 
Thermostat 
 A thermostat is also based on thermal
 expansion 
 There are two wires in a bulb with mercury 
 Mercury is a conductor so it needs to be in
 the right spot to connect the wires and
 turn on the heat (like a switch) 
 This bulb is controlled by a coil that
 expands as it is heated and contracts as it
 cool so the bulb moves and positions the
 mercury 
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Water is different than most other
 materials 
 Water expands twice through the different
 phases 
 Its smallest volume occurs at 4°C and
 expands outward from that point 
 Smallest volume means largest density –
 in all of these items the mass is not
 changing but the volume is 
 Density = mass/volume 
Expansion of Water 
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Lakes and Ponds 
 Ice is less dense than water  
 Water is most dense at 4°C 
 What happens in the winter on our lakes
 and ponds? 
That means ICE
 FLOATS 
That means this
 temperature water
 sinks 
Water 
Ice 
0°C 
‐10°C 
4°C 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Conduction 
 The transfer of heat
 through contact 
 Heat transfer occurs
 by molecular
 collisions – molecules
 in contact collide and
 energy is transferred 
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Conductors – in Heat 
 Materials that conduct heat well are also
 known as conductors 
 Best conductor is metal 
 These conductors are similar to those in
 electricty because they are materials with
 the loose outer electrons 
 You can compare the conductivity of two
 items easily 
 If you touch two things at once in the same
 room one usually feels colder 
 The one that feels colder is the better
 conductor of heat 
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Activity 
 Compare the conductivity of 3 objects in
 the room. 
 Object X, Object Y, Object Z 
 X has a ______ conductivity than Y 
 X has a ______ conductivity than Z 
 Z has a ______ conductivity than Y 
Insulators 
 These materials delay
 the transfer of heat –
 a carpet is an
 insulator when your
 foot is on it 
 We insulate our
 houses with fiberglass
 material that delays
 the heat from leaving
 your home 
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Convection 
 Heat transfer occurs by current in a fluid 
 So conduction is for solids, convection is
 for gases and liquids 
Hot vs. Cold 
 Hot is normally
 less dense
 (thermal
 expansion) than
 the cold 
 This means hot
 air rises and
 cold sinks 
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Pot of Water 
 In our pot of water the water
 molecules on the bottom
 become heated then move
 upward giving the other cold
 ones the ability to drop to the
 bottom and get heated more 
 The warmer water also transfers
 heat to the other molecules
 because they all want to be in
 thermal equilibrium  
Winds 
 Convection currents move the air through
 the atmosphere 
 We saw how cold and hot reacted and the
 currents they created in the water – the
 same thing happens in the air 
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 The surface of the earth abosorbs heat at
 different rates creating varying
 temperatures in layers of the air 
 These differences in temperature make it
 so the currents vary and create winds in
 various directions 
 The warm air continuously wants to rise
 because it is less dense 
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Radiation 
 Heat transferred through electromagnetic
 rays 
 The sun heats us by sending waves
 through the air – the air is an insulator 
 Heat is emitted from the source and
 absorbed by something else even if there
 are insulators or no medium between the
 two objects 
Activity: Sunlamp and 3 Cans of
 Water 
 We have 2 cans and a sunlamp.  In each
 can is an amount of water.  We are going
 to turn the sunlamp on and see the
 temperature differences over time. 
 Every 2 minutes we will take the
 temperatures of each can and continually
 compare  
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Absorption of Radiant Energy 
 Absorption and reflection are opposites
 therefore those that absorb radiant
 energy, reflect very little 
 Perfect Black is a perfect absorber and
 reflects no radiant energy 
Emission of Radiant Energy 
 Good absorbers = Good Emitter 
 Thermal Equilibrium dominates.  In order
 to get to thermal equilibrium an absorber
 (increases temperature) needs to give off
 more to get to same temperature as
 something that does not absorb well 
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 Conduction 
 Solid 
 Solid to Solid 
 Solid to Liquid 
 Convection 
 Liquid 
 Gas 
 Radiation 
 Sun/Fire/Heat Source to whatever – EM Waves 
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Global Warming and the Greenhouse Effect 
Greenhouse Eﬀect: Asymmetry of the atmosphere, in
 which carbon dioxide, water vapor, and other gases
 are more able to allow in‐coming solar radiaHon than
 they can let out out‐going radiaHon of heat, thus
 keeping the earth warmer than it would otherwise
 be 
Global Warming: An increase in average temperature
 around the earth.  It has been suggested that recent
 increases have been caused by increasing
 concentraHons of greenhouse gases in the
 atmosphere 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So what in our lives creates these
 gases? 
Methane comes parHally from
 farm cacle that produce our
 milk, and beef.  These two
 products are some of the most
 environmentally unfriendly
 processes.  The cows give oﬀ
 methane then they are brought
 to factories which produces
 Carbon Dioxide as well as the
 transportaHon of these goods,
 another source of Carbon
 Dioxide. 
*Carbon dioxide enters the atmosphere through the burning of fossil
 fuels (oil, natural gas, and coal), solid waste, trees and wood products,
 and also as a result of other chemical reacHons (e.g., manufacture of
 cement). Carbon dioxide is also removed from the atmosphere when
 it is absorbed by plants as part of the biological carbon cycle. 
*Methane is emiced during the producHon and transport of coal,
 natural gas, and oil. Methane emissions also result from livestock and
 other agricultural pracHces and by the decay of organic waste in
 municipal solid waste landﬁlls. 
*Nitrous oxide is emiced during agricultural and industrial acHviHes, as
 well as during combusHon of fossil fuels and solid waste. 
* Fluorinated Gases are syntheHc, powerful greenhouse gases that are
 emiced from a variety of industrial processes. Fluorinated gases are
 someHmes used as subsHtutes for ozone‐depleHng substances. These
 gases are typically emiced in smaller quanHHes, but because they are
 potent greenhouse gases, they are someHmes referred to as High
 Global Warming PotenHal gases. 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All this extra gases equal more heat
 staying in the atmosphere 
 This means sea level increase due to
 glaciers melting and thermal expansion. 
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Newton’s Law of Cooling 
 We know that things want to come to
 thermal equilibrium but how fast do they
 do this 
 Cooling is heat transfer (the hot object is
 giving up some energy) 
 When does water cool faster in a fridge or
 freezer? 
 The rate of cooling is proportional to the
 temperature difference 
 Temperature Difference ~ Rate of Cooling 
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Chapter 23:  
Change of Phase 
Four States of Matter 
 Solid 
 Liquid 
 Gas 
 Plasma (but we don’t deal with this one) 
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Evaporation 
 The process in which as liquid is changed
 to a gas 
 The molecules in a room-temperature
 glass of water jostle around at a great
 variety of speeds. 
 Molecules at the surface of a liquid that
 gain energy by being bumped from below
 may have enough energy to break free of
 the liquid. 
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 When these molecules get bumped off
 they take the kinetic energy from the ones
 still in the liquid 
 This means part of the kinetic energy of
 the liquid decreases and the kinetic
 energy of the vapor particle is higher 
 Evaporation is a cooling process because
 the more-energetic molecules escape the
 liquid. 
 This occurs on our bodies (sweat) and
 dog’s panting. 
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Condensation 
 Opposite process from  
   evaporation 
 The same water vapor  
   molecules collide with  
   slower moving (colder  
   particles) give off some of their kinetic
 energy to these colder particles and
 therefore they become liquid again 
 Condensation is a warming process 
 Condensation is a warming process. 
 Kinetic energy lost by condensing gas
 molecules warms the surface that they
 strike. 
 Steam burns very badly as it gives up
 energy when it condenses on your skin. 
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Humidity 
 Condensation in the atmosphere: 
 At any given temperature there is a limit to the
 amount of water vapor air can hold. 
 When that point is reached the air is said to be
 saturated. 
 Relative Humidity indicates how much
 water vapor is in the air compared to the
 limit for that temperature. 
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Fog and Clouds 
 Warm air rises 
 As it rises it expands 
 As it expands it cools 
 As it cools water vapor molecules begin
 sticking together after colliding rather than
 bouncing off one another. 
 The water vapor condensed on particles or
 ions and clouds are formed. 
Therefore, clouds form
 when warm air rises,
 expands, cools and
 condenses. 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Condensation and Evaporation 
 Evaporation and condensation usually occur
 together and the effect is the net of the two
 since they are opposites 
 A liquid is in equilibrium when the molecules
 and energy leaving the liquid due to
 evaporation are counteracted by as many
 molecules and energy returning by
 condensation. 
Boiling 
 Also a process of
 going from liquid to a
 gas but occurs
 throughout the liquid
 not just on the surface 
 These molecules gain
 enough kinetic energy
 to free themselves
 from the liquid and
 become a gas 
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Freezing 
Freezing is the phase
 change from liquid
 to solid. 
The liquid is cooled,
 energy is taken out
 of it. 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VaporizaHon includes Boiling 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Demonstration: Triple Point 
 We have water and are putting it in the
 vacuum 
 What do you think will happen? 
 The water first boils because there is little
 atmospheric pressure 
 Boiling like evaporation is a cooling
 process so then it turns to ice 
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Lab Activity: Ice to Boiling 
 We want to measure the temperature
 change over the time it takes to go from
 ice to boiling water.   
 Take readings every 2 minutes until the
 water has been boiling for 6 minutes. 
 Graph this data. 
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Temperature Scales 
A bit more in depth. 
Celsius and 
Fahrenheit 
Compared 
Important ones are 
boiling and 
freezing of water 
as well as absolute 
zero 
10/8/08 
2 
Celsius and Kelvin 
Compared 
Important ones are 
boiling and 
freezing of water 
as well as absolute 
zero 
A
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ConverEng between the Three 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CH. 32: ELECTROSTATICS 
Pages 500 - 514 
ELECTRICAL FORCES 
  Electrons have a NEGATIVE charge 
  Protons have a POSITIVE charge 
  Neutrons are neutral 
  Attract and Repel 
  From particles in atoms 
  Electrons 
  Neutrons 
  Protons 
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CHARGES 
  Particles with like charges repel 
  Particles with opposite charges attract 
CONSERVATION OF CHARGE 
  You have a neutral atom made up of many 
particles (electrons and protons) 
  If an atom gives away a negative electron to 
another atom, both become ions  
  An ion is a charged atom 
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  Notice that the electrons 
are transferred not created 
or destroyed 
  This is the same as Energy 
  Instead of Conservation of 
Energy it’s a Conservation of 
Charge 
COULOMB (C) 
  SI unit for charge 
  Abbreviated with a C 
  1 Coulomb of Charge equals the 
charge of 6.24 x 1018 electrons 
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COULOMB’S LAW 
  Relationship of the force between two charged 
particles and their distance 
  Similar to the gravitational force 
  k = 9,000,000,000 Nm2/C2 
  = 9 x 109 Nm2/C2 
EXAMPLE PROBLEM 
5.0 x10-9 meters 
q = 5.0 x 10-10 C  q = 2.5 x 10-15 C 
What is the Fe between the two charged particles? 
450 N 
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COULOMB’S LAW PROBLEMS 
  q1 = 1 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe?  
Both of charges are 
positive which means they 
are repelling each other. 
k is a constant 
and always 
equals 
9 x 109 Nm2/C2 Fe = k 
q1q2 
  d2 
NOW ONE CHARGE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 2 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe? 
DOUBLE 
Fe = k 
q1q2 
  d2 
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NOW THE DISTANCE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 1 C 
  q2 = 1 C 
  d = 2m 
  What is the Fe? 
A FOURTH 
Because it is an inverse 
square relationship 
Fe = k 
q1q2 
  d2 
WHY IS A WIRE THE WAY IT IS? 
  Metal inside is a conductor 
  Rubber outside is an insulator 
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CONDUCTORS 
  Materials that electrons can move easily 
  These electrons are bound “loosely” to the atom 
  These materials allow electricity to move 
through them 
  Metals are the most common conductors 
INSULATORS 
  Materials that electrons cannot move as 
freely 
  These electrons have a stronger bond with 
the nucleus of an atom 
  Rubber and glass are common insulators 
  Insulators in electricity work similar to 
everyday insulators 
  Jacket – keeps the warmth in and warmth can’t 
travel through it 
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SEMICONDUCTORS 
  Materials that are made to behave sometimes as 
insulators and other times as conductors 
SUPERCONDUCTORS 
  Select metals fall into this category when 
near a temperature of absolute zero 
  These metals have near zero resistance to 
electrons flowing 
  More recently high temperature 
superconductors have been found in 
nonmetallic materials 
FARADAY’S CAGE 
  An everyday example of this is your car 
  This idea can save your life during a lightning 
storm 
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WHAT IS HAPPENING? 
  Electrons transfer to the cage then want to 
continue spreading apart and move towards 
the ground 
  They move through the metal because it is a 
conductor and electrons can flow freely 
  It doesn’t move through the air in the middle 
because it’s an insulator and electrons cannot 
flow as freely 
CHARGING BY FRICTION 
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CHARGING BY FRICTION & CONTACT 
  When you drag your feet across the carpet 
after when then you go touch something and 
you get shocked 
  This is because the carpet transfers 
electrons to you through your feet giving you 
a net negative charge which you then pass 
onto the object you touch  
WHAT IS HAPPENING HERE? 
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CHARGING BY INDUCTION 
  Happens when a charged object is brought 
near a conducting object or surface 
WHAT IS DIFFERENT ABOUT THIS TYPE OF 
CHARGING? 
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INDUCTION WITH GROUNDING 
  For this you don’t need two objects because 
the object is somehow linked to the ground 
(electrons can move to the ground) 
GROUNDING 
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POLARIZATION 
  Remember when the water stream bent 
towards the charged wand 
  And when the balloon stuck to the wall 
  Both of these are examples of 
polarization 
  The wall and the water stream were both 
neutral but the electrons were being 
attracted or repelled by the charge 
causing polarization 
  Polarization occurs in insulators because 
electrons can’t escape and move freely 
  These insulators are still neutral because no 
electrons have been transferred 
  Conductors become charged 
  These electrons can only move a small amount, 
only allowing for a little rearranging 
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CH. 33: ELECTRIC FIELDS 
AND POTENTIAL 
Pages: 517-528 
Electric Fields 
  We now know that charges create electric forces 
  These forces create a field that surrounds the object 
  Think of the gravitational force field 
  The earth is pulling objects toward the earth (attractive) 
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Electric Fields (cont.) 
  The same is true for charges except thy can also 
repel 
Electric Fields (cont.) 
  The electric field is the space around every electric 
charge 
  Electric fields have both magnitude and direction 
(meaning they are a vector) 
  Gravity can only attract, charges can attract and repel 
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Electric Fields (cont.) 
  The magnitude of an electric field is measured by 
imagining that a small positive charge is added to 
the field 
  When there is a large force on the charge the electric 
field is strong 
  When there is a small force on the charge the electric 
field is weak  
Electric Fields (cont.) 
  The direction of the electric field is determined by 
the charge creating the field 
  If the charge is negative, the field points toward the 
charge 
  If the charge is positive, the field points away from the 
charge  
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Electric Field Lines 
  Electric fields are represented by electric field lines 
  These are the vectors that point in the direction of 
the field 
Electric Field Lines – Two Charges 
  Since the direction of these lines is determined by a 
positive test charge, the electric field line travels 
from positive to negative 
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Electric Fields - Hockey 
  On your piece of paper come up with 6 different 
configurations to make the puck go in the goal 
  Show me why you think it will go in the goal (draw 
the electric field) 
Spherical Conductor 
  If you put a positive test charge in the center of the 
sphere you can see that the net force is zero 
  If the net force is zero then the electric field is also zero 
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Non-Spherical Conductor 
  This is not true for non-spherical conductors because 
more of the electrons want to move until the electric 
field inside the conductor is zero 
  In order for this to happen more of the chares want 
to settle on the corners of the cube 
Electric Potential Energy 
  Remember the relationship between work and 
energy for PE and KE (work was require to lift 
objects) 
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Electric Potential Energy (cont.) 
  Work is needed to move charges within an electric 
field 
  When you let go of the charge the potential energy 
converts to kinetic energy 
  The charge will accelerate in the direction of the 
electric field 
  Work is done in the opposite direction of the 
electric field 
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  Think of it this way 
  The two charges have the same sign and are tied on 
together by a string 
  The potential energy is shown by the string 
  Once you cut the string the charges move away 
from each other  
  So if the two charges have opposite charges 
imagine there is a steel rod between the charges 
  Once the steel rod is broken the two charges will go 
towards each other 
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Electric Potential 
  This is the potential energy per charge which is 
easier to use than the total potential energy of a 
large number of charges 
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Electrical Potential (cont.) 
  Electrical Potential = Electrical Potential Energy 
      Charge 
  Unit of Electrical Potential Energy (Joules) 
  Unit of Charge (Coulombs) 
  J/C = Volts (V) 
  Since Volts is used as a unit many times electrical 
potential is referred to as voltage 
Electric Energy Storage 
  Devices that store electrical energy are called 
capacitors 
  Simple capacitors are created by two closely 
spaced metal plates 
  The electricity is stored until a conducting path is 
created between the two plates 
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Chapters 34 and 35 
Pages: 531-558 
Electric Current and Circuits 
Flow of Charge 
 Now we know that the charges flow through 
conductors to create electricity 
 These charges only flow when there is a potential 
difference 
 Potential difference occurs when there are two 
difference electrical potentials 
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Flow of Charge (cont.) 
 These charges want to flow from high potential to 
low potential 
 Water is similar in that if flows from high 
pressure to low pressure 
Electric Current 
 The flow of charge per unit time is called electric 
current 
 Electrons can flow freely in conductors and 
therefore carry electric charges through circuits 
within the conductors (wires) 
 These electrons are called conduction electrons 
 Note that in a wire conductor there is no net charge 
because as charges enter the wire they are also 
exiting it making the levels of electrons and protons 
equal under normal conditions 
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Electric Current 
 Electric current is measure in amperes (A) 
 1 ampere – the flow of 1 coulomb of charge per 
second 
 1A = 1C/sec 
  If the current in a wire is 10 amperes that means 
10 coulombs of charge are passing through a cross 
section in a second 
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Voltage Sources 
 We know that charges do not flow unless there is 
a potential difference 
  In order to have a current constantly flowing 
there must be something to provide a constant 
potential difference 
 A voltage source creates a potential difference 
 Remember voltage is another name for electric 
potential so if you have a voltage source that 
means you have a source of electric potential 
which creates the difference 
Voltage Sources (cont.) 
 Two oppositely charged spheres have a large 
voltage (potential) between them but if the 
spheres touch the potential difference is lost 
because the charges transfer 
 Better types of voltage sources are dry cells, wet 
cells, and generators because they create a 
constant potential difference 
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 Dry and Wet Cells have a chemical reaction that 
occur that is then transferred to electric energy 
 Generators use mechanical energy that is 
transferred to electric energy 
 This energy allows the charges to move creating a 
current 
 The electric potential energy between terminal 
from the generator or cells is the voltage  
Wall Outlets 
 Power utilities use large generators that create a 
potential difference of 120 volts 
 The voltage of your outlet or the potential 
difference between the two holes is 120 volts 
 This means for every coulomb of charge receives 
120 joules of energy for the charge to flow in the 
circuit 
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Remember… 
 Charge flows through the circuit where voltage is 
measured across the circuit 
 Remember voltage is a potential (energy per 
charge) difference between two locations 
 A voltage is applied across the circuit to allow for 
the flow of the charge 
 A potential difference is created to allow for an 
electric current 
Electric Resistance 
 The resistance the conductor creates when 
allowing the flow of charge is electric resistance 
 Superconductors have very little resistance – charge 
can travel freely with no problems 
 Superconductors are usually metals at very cold 
temperatures so you can see as temperature 
increases in most materials the resistance increases 
 Measured in Ohms 
 The symbol for Ohms is Ω 
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Electric Resistance (cont.) 
 Think of water in a pipe 
 The longer the pipe the more resistance the water 
has 
 The thicker the pipe the less resistance the water has 
Electric Energy Storage 
  Devices that store electrical energy are called capacitors 
  Simple capacitors are created by two closely spaced metal plates 
  The electricity is stored until a conducting path is created 
between the two plates 
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So what did we learn from the labs? 
 What a circuit is 
 How to measure different things in a circuit 
What is a circuit? 
 A path in which charge can flow 
 To have a continuous flow of charge you need to 
have a circuit that has no gaps 
 Closed – no gaps 
 Open – gap can’t complete a path for current to 
flow 
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Current and Voltage 
 Current is measured through a circuit – you 
have to take the wire out and it goes through the 
multimeter 
 Voltage is measured across a circuit between two 
points – you don’t remove the wire 
You may have noticed 
 On the multimeter used in the lab there were two 
settings for current and voltage 
 There are two types of current  
 Direct Current (DC) 
 V        A 
 Alternating Current (AC) 
 V        A ~ ~ 
__ --- __ --- 
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Direct Current 
 The flow of charge always flows in one direction 
 Batteries create a direct current because they go 
from one terminal to the other and the process 
can’t be reversed – you can’t put a battery in 
backwards 
Alternating Current 
 Electrons can flow in one direction then the other 
alternating back and forth 
 This is how our outlets work  
 You cell phone charges with an AC adaptor, same 
for laptops 
 Typically in the United States the current 
alternates at a frequency of 60 cycles per second or 
60 hertz 
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Converting Currents 
 The ac adaptors allow you to take devices that use 
batteries (DC) to be connected to the wall to use 
an alternating current 
 The devices in these adaptors are diodes which 
are tiny electronic devices that acts as a one-way 
valve to allow electron flow in only one direction 
 Since AC goes in two directions only one 
direction is passing so only half of the current is 
passing through 
 Since this is in cycles a capacitor is needed to 
keep a smooth current 
What about the electrons? 
So the current flows through the circuit 
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Where do the electrons come from? 
 The source of electrons is the conducting material 
itself not the voltage source 
 Energy flows through the wall and then the 
energy is carried by the electric field that causes 
the existing electrons in the conductor to vibrate 
 The energy causes free electrons to vibrate in 
unison 
 The vibrations move across the conductor which 
creates the current 
Speed of Electrons in a Conductor 
 When you call someone the electric signal 
carrying your voice arrives at the other end 
nearly immediately 
 This signal travels at the speed of light but not the 
electrons in the phone line 
 The electrons have an average speed of few 
million km/hr because of thermal motion (the 
get heated up which is energy so they vibrate) 
 This motion is random though and there is no net 
flow in any particular direction 
10/8/08 
13 
The motion is random and the electrons are 
bumping into other electrons and atoms 
 The electrons have a net motion in a direction 
parallel to the electric field 
 These electrons get stopped by other electrons 
that are still attached to the nucleus of other 
atoms 
 When they bump into these electrons they give 
kinetic energy into heat energy 
 This is why a wire warms when it is in use for a 
long time 
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 Since the electrons are bumping into other 
electrons their net speed is very low. 
 This net speed is the drift speed  
+
+
+ +
+
+
The electric field…  
  When a generator or battery is connected the electric field 
can travel through a circuit at nearly the speed of light  
  The conducting wire acts only as a guide for the electric field 
  Outside the electric field is effected by the location of the 
charges in the wire 
…shows the net motion of the electrons 
Battery Battery 
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What happens in the different circuits? 
  In AC circuits the electrons don’t make any net 
progress but instead oscillate to and fro creating a 
pattern of oscillation that is carried across the wire at the 
speed of light 
  In DC circuits the electrons make net progress in one 
direction but the electrons are moving in a lot of 
different directions 
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Ohm’s Law 
 Current = Voltage/Resistance 
  I=V/R  
 V=IR 
 R=V/I 
 Current is directly proportional to voltage and 
inversely proportional to resistance 
 Think logically 
 The less resistance the more current that can flow and 
the more voltage the greater the current 
Electric Shock 
 Your body has a resistance of 100 to 500,000 
ohms depending on if you are in water or are dry 
Current in amperes Effect 
0.001 Can be felt 
0.005 Painful 
0.010 Muscle Spasms 
0.015 Loss of Muscle Control 
0.070 If through the heart serious disruption – 
most likely fatal if longer than 1 second 
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 A typical outlet has a voltage of 120 volts 
  If you are touching a faulty 120 volt hanging light 
and the ground there is a large potential 
difference between the ground and the light 
 A potential difference causes a current which flows 
through you because it flows from high (the light) 
to low (the ground) 
 I= V/R 
  I = 120 V/100,000? 
  I = 0.0012 A which you can feel 
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The energy that is transferred to make 
the electrons vibrate costs money 
  We pay for this energy and need to find out what our 
electricity bill would be 
  For this we find out the power 
  All of the energy from the electricity company is 
changed into various other forms of energy such as heat 
and mechanical energy 
Electric Power 
 The charge moving (vibrating) in a circuit 
expends energy and the rate at which electric 
energy is converted into other energies 
(mechanical, heat, or light) is called electric 
power 
 Electric Power = Energy Converted/Time 
    = voltage x charge 
        time 
    = voltage x current 
Units = Volts x Amperes = Watts 
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Series Circuits 
  A series circuit has only one path for the current to flow 
 Current is the same in all the different parts of a series 
circuit 
  If there is any break in the circuit the current will be 
stopped 
  Often used in electronics when adjusting the current is 
needed 
 Dimmer Switches 
 Most electronics with on/off settings 
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Resistance in Series Circuits 
  The resistance is summed in series circuits 
RTotal = R1 + R2 + R3 + … 
Energy, Voltage and Current in Series 
Circuits 
  Energy cannot be created of destroyed – the electrical 
energy is converted to other forms of energy 
10/8/08 
21 
Series Circuits Summary 
 VT=V1+V2+V3 
 IT=I1=I2=I3 
 RT=R1+R2+R3 
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Parallel Circuits 
  A parallel circuit has multiple paths for the current to 
flow 
 Current can be different in each of the various 
branches 
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Resistance in Parallel Circuits 
1        1       1 
RTotal    R1    R2   
 R3   
… 
Rtotal 
R1    R2   
 R3   
1      1       1      1   
… 
1 
What is the Total Resistance for this circuit? 
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Individual Branches 
  To find the current in each branch you use the resistance 
of that branch 
  All of the branches have the same voltage/potential 
difference 
  If the light in one branch doesn’t work it won’t effect the 
others because the others still have a potential difference 
active separately from that broken branch 
Summary of Parallel Circuits 
 VT=V1=V2=V3 
 IT=I1+I2+I3 
RTotal    R1    R2   
 R3   
1      1       1      1   
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Parallel Circuits in our homes 
  Each outlet has the same voltage because of this – each 
branch (outlet) has the same voltage 
  Each outlet or light can be turned off without effecting 
the others 
Problems 
to Try 
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Series Circuit 
Total 1 2 3 
Voltage 20 V 
Current 
Resistance  3 ? 5 ? 2 ? 
Parallel Circuit 
Total 1 2 3 
Voltage 12 V 
Current 
Resistance  6 ? 12 ? 4 ? 
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Chapter
 25 
Pages: 3
72-386 
Simple Harmonic Motion 
10/8/08 
2 
Cycle 
Period 
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Amplitude 
Frequency 
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Pendulum Lab 
How do pendulums relate to 
waves? 
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You get a wave 
What are the different types of  
waves? 
Waves 
Electromagnetic Mechanical 
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Electromagnetic 
Light Infared Microwaves 
Radio 
Waves X-Rays 
Mechanical 
Transverse Longitudinal 
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Transverse 
Slinky 
Parts of  a transverse wave 
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Crests, Troughs, and 
Amplitude 
Wavelength 
Distance 
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Period and Frequency 
Time 
Longitudinal 
Sound 
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Parts of  a Longitudinal 
Wave 
Wavelength  
Distance 
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Period and Frequency 
Time 
T and f for a wave 
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Which has the highest frequency? 
Which has the longest period? 
Relating T and f  
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Wave Motion 
Waves have a speed too 
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Wave Energy 
Wave Energy 
10/8/08 
15 
Boundaries 
Fixed End 
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Open End 
Different Medium 
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Different Medium 
Interference 
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Only 9 SLIDES TODAY!! 
3 Movies 
 -Mythbusters 
 -Tacoma Narrows 
Bridge 
 -Doppler Effect 
Resonance 
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Beats 
Bob the Bug 
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The Doppler Effect 
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Bow Waves 
Shock Waves 
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Reflection of  Waves 
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Standing Waves 
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Harmonics 
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Lab – Wave Machines 
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So what affects the wave 
speed? 
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Electromagnetic Waves 
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Refraction and Reflection 
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Light Waves 
Mirrors 
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Diffuse Reflection 
Refraction of  Light 
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Mirages – Atmospheric Refraction 
Prisms separate white light  
into its component colors.  
Different colors of  light have  
different frequencies, which  
causes them to travel at 
different speeds when they  
move through matter.  
If  the glass bends the light twice, as in a prism, you can see  
the separated colors more easily. This is called dispersion. 
Dispersion in Prisms 
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Drop of  Water 
Rainbows 
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Diamonds 
Sound Waves 
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Reflection of  Sound 
Refraction of  Sound 
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CH. 32: ELECTROSTATICS 
Pages 500 - 514 
ELECTRICAL FORCES 
  Electrons have a NEGATIVE charge 
  Protons have a POSITIVE charge 
  Neutrons are neutral 
  Attract and Repel 
  From particles in atoms 
  Electrons 
  Neutrons 
  Protons 
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CHARGES 
  Particles with like charges repel 
  Particles with opposite charges attract 
CONSERVATION OF CHARGE 
  You have a neutral atom made up of many 
particles (electrons and protons) 
  If an atom gives away a negative electron to 
another atom, both become ions  
  An ion is a charged atom 
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  Notice that the electrons 
are transferred not created 
or destroyed 
  This is the same as Energy 
  Instead of Conservation of 
Energy it’s a Conservation of 
Charge 
COULOMB (C) 
  SI unit for charge 
  Abbreviated with a C 
  1 Coulomb of Charge equals the 
charge of 6.24 x 1018 electrons 
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COULOMB’S LAW 
  Relationship of the force between two charged 
particles and their distance 
  Similar to the gravitational force 
  k = 9,000,000,000 Nm2/C2 
  = 9 x 109 Nm2/C2 
EXAMPLE PROBLEM 
5.0 x10-9 meters 
q = 5.0 x 10-10 C  q = 2.5 x 10-15 C 
What is the Fe between the two charged particles? 
450 N 
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COULOMB’S LAW PROBLEMS 
  q1 = 1 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe?  
Both of charges are 
positive which means they 
are repelling each other. 
k is a constant 
and always 
equals 
9 x 109 Nm2/C2 Fe = k 
q1q2 
  d2 
NOW ONE CHARGE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 2 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe? 
DOUBLE 
Fe = k 
q1q2 
  d2 
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NOW THE DISTANCE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 1 C 
  q2 = 1 C 
  d = 2m 
  What is the Fe? 
A FOURTH 
Because it is an inverse 
square relationship 
Fe = k 
q1q2 
  d2 
WHY IS A WIRE THE WAY IT IS? 
  Metal inside is a conductor 
  Rubber outside is an insulator 
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CONDUCTORS 
  Materials that electrons can move easily 
  These electrons are bound “loosely” to the atom 
  These materials allow electricity to move 
through them 
  Metals are the most common conductors 
INSULATORS 
  Materials that electrons cannot move as 
freely 
  These electrons have a stronger bond with 
the nucleus of an atom 
  Rubber and glass are common insulators 
  Insulators in electricity work similar to 
everyday insulators 
  Jacket – keeps the warmth in and warmth can’t 
travel through it 
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SEMICONDUCTORS 
  Materials that are made to behave sometimes as 
insulators and other times as conductors 
SUPERCONDUCTORS 
  Select metals fall into this category when 
near a temperature of absolute zero 
  These metals have near zero resistance to 
electrons flowing 
  More recently high temperature 
superconductors have been found in 
nonmetallic materials 
FARADAY’S CAGE 
  An everyday example of this is your car 
  This idea can save your life during a lightning 
storm 
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WHAT IS HAPPENING? 
  Electrons transfer to the cage then want to 
continue spreading apart and move towards 
the ground 
  They move through the metal because it is a 
conductor and electrons can flow freely 
  It doesn’t move through the air in the middle 
because it’s an insulator and electrons cannot 
flow as freely 
CHARGING BY FRICTION 
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CHARGING BY FRICTION & CONTACT 
  When you drag your feet across the carpet 
after when then you go touch something and 
you get shocked 
  This is because the carpet transfers 
electrons to you through your feet giving you 
a net negative charge which you then pass 
onto the object you touch  
WHAT IS HAPPENING HERE? 
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CHARGING BY INDUCTION 
  Happens when a charged object is brought 
near a conducting object or surface 
WHAT IS DIFFERENT ABOUT THIS TYPE OF 
CHARGING? 
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INDUCTION WITH GROUNDING 
  For this you don’t need two objects because 
the object is somehow linked to the ground 
(electrons can move to the ground) 
GROUNDING 
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POLARIZATION 
  Remember when the water stream bent 
towards the charged wand 
  And when the balloon stuck to the wall 
  Both of these are examples of 
polarization 
  The wall and the water stream were both 
neutral but the electrons were being 
attracted or repelled by the charge 
causing polarization 
  Polarization occurs in insulators because 
electrons can’t escape and move freely 
  These insulators are still neutral because no 
electrons have been transferred 
  Conductors become charged 
  These electrons can only move a small amount, 
only allowing for a little rearranging 
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CH. 33: ELECTRIC FIELDS 
AND POTENTIAL 
Pages: 517-528 
Electric Fields 
  We now know that charges create electric forces 
  These forces create a field that surrounds the object 
  Think of the gravitational force field 
  The earth is pulling objects toward the earth (attractive) 
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Electric Fields (cont.) 
  The same is true for charges except thy can also 
repel 
Electric Fields (cont.) 
  The electric field is the space around every electric 
charge 
  Electric fields have both magnitude and direction 
(meaning they are a vector) 
  Gravity can only attract, charges can attract and repel 
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Electric Fields (cont.) 
  The magnitude of an electric field is measured by 
imagining that a small positive charge is added to 
the field 
  When there is a large force on the charge the electric 
field is strong 
  When there is a small force on the charge the electric 
field is weak  
Electric Fields (cont.) 
  The direction of the electric field is determined by 
the charge creating the field 
  If the charge is negative, the field points toward the 
charge 
  If the charge is positive, the field points away from the 
charge  
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Electric Field Lines 
  Electric fields are represented by electric field lines 
  These are the vectors that point in the direction of 
the field 
Electric Field Lines – Two Charges 
  Since the direction of these lines is determined by a 
positive test charge, the electric field line travels 
from positive to negative 
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Electric Fields - Hockey 
  On your piece of paper come up with 6 different 
configurations to make the puck go in the goal 
  Show me why you think it will go in the goal (draw 
the electric field) 
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Spherical Conductor 
  If you put a positive test 
charge in the center of 
the sphere you can see 
that the net force is zero 
  If the net force is zero 
then the electric field is 
also zero 
Non-Spherical Conductor 
  This is not true for non-spherical conductors 
because more of the electrons want to move 
until the electric field inside the conductor is 
zero 
  In order for this to happen more of the 
chares want to settle on the corners of the 
cube 
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Electric Potential Energy 
  Remember the relationship between work 
and energy for PE and KE (work was 
require to lift objects) 
Electric Potential Energy (cont.) 
  Work is needed to move charges within an 
electric field 
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  When you let go of the charge the potential 
energy converts to kinetic energy 
  The charge will accelerate in the direction of the 
electric field 
  Work is done in the opposite direction of the 
electric field 
  Think of it this way 
  The two charges have the same sign and 
are tied on together by a string 
  The potential energy is shown by the string 
  Once you cut the string the charges move 
away from each other  
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  So if the two charges have opposite charges 
imagine there is a steel rod between the 
charges 
  Once the steel rod is broken the two charges 
will go towards each other 
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Electric Potential 
  This is the potential energy per charge 
which is easier to use than the total potential 
energy of a large number of charges 
Electrical Potential (cont.) 
  Electrical Potential = Electrical Potential Energy 
        Charge 
  Unit of Electrical Potential Energy (Joules) 
  Unit of Charge (Coulombs) 
  J/C = Volts (V) 
  Since Volts is used as a unit many times electrical 
potential is referred to as voltage 
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Electric Energy Storage 
  Devices that store electrical energy are called 
capacitors 
  Simple capacitors are created by two closely 
spaced metal plates 
  The electricity is stored until a conducting path is 
created between the two plates 
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Chapters 34 and 35 
Pages: 531-558 
Electric Current and Circuits 
Flow of Charge 
 Now we know that the charges flow through 
conductors to create electricity 
 These charges only flow when there is a potential 
difference 
 Potential difference occurs when there are two 
difference electrical potentials 
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Flow of Charge (cont.) 
 These charges want to flow from high potential to 
low potential 
 Water is similar in that if flows from high 
pressure to low pressure 
Electric Current 
 The flow of charge per unit time is called electric 
current 
 Electrons can flow freely in conductors and 
therefore carry electric charges through circuits 
within the conductors (wires) 
 These electrons are called conduction electrons 
 Note that in a wire conductor there is no net charge 
because as charges enter the wire they are also 
exiting it making the levels of electrons and protons 
equal under normal conditions 
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Electric Current 
 Electric current is measure in amperes (A) 
 1 ampere – the flow of 1 coulomb of charge per 
second 
 1A = 1C/sec 
  If the current in a wire is 10 amperes that means 
10 coulombs of charge are passing through a cross 
section in a second 
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Voltage Sources 
 We know that charges do not flow unless there is 
a potential difference 
  In order to have a current constantly flowing 
there must be something to provide a constant 
potential difference 
 A voltage source creates a potential difference 
 Remember voltage is another name for electric 
potential so if you have a voltage source that 
means you have a source of electric potential 
which creates the difference 
Voltage Sources (cont.) 
 Two oppositely charged spheres have a large 
voltage (potential) between them but if the 
spheres touch the potential difference is lost 
because the charges transfer 
 Better types of voltage sources are dry cells, wet 
cells, and generators because they create a 
constant potential difference 
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 Dry and Wet Cells have a chemical reaction that 
occur that is then transferred to electric energy 
 Generators use mechanical energy that is 
transferred to electric energy 
 This energy allows the charges to move creating a 
current 
 The electric potential energy between terminal 
from the generator or cells is the voltage  
Wall Outlets 
 Power utilities use large generators that create a 
potential difference of 120 volts 
 The voltage of your outlet or the potential 
difference between the two holes is 120 volts 
 This means for every coulomb of charge receives 
120 joules of energy for the charge to flow in the 
circuit 
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Remember… 
 Charge flows through the circuit where voltage is 
measured across the circuit 
 Remember voltage is a potential (energy per 
charge) difference between two locations 
 A voltage is applied across the circuit to allow for 
the flow of the charge 
 A potential difference is created to allow for an 
electric current 
Electric Resistance 
 The resistance the conductor creates when 
allowing the flow of charge is electric resistance 
 Superconductors have very little resistance – charge 
can travel freely with no problems 
 Superconductors are usually metals at very cold 
temperatures so you can see as temperature 
increases in most materials the resistance increases 
 Measured in Ohms 
 The symbol for Ohms is Ω 
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Electric Resistance (cont.) 
 Think of water in a pipe 
 The longer the pipe the more resistance the water 
has 
 The thicker the pipe the less resistance the water has 
Electric Energy Storage 
  Devices that store electrical energy are called capacitors 
  Simple capacitors are created by two closely spaced metal plates 
  The electricity is stored until a conducting path is created 
between the two plates 
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So what did we learn from the labs? 
 What a circuit is 
 How to measure different things in a circuit 
What is a circuit? 
 A path in which charge can flow 
 To have a continuous flow of charge you need to 
have a circuit that has no gaps 
 Closed – no gaps 
 Open – gap can’t complete a path for current to 
flow 
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Current and Voltage 
 Current is measured through a circuit – you 
have to take the wire out and it goes through the 
multimeter 
 Voltage is measured across a circuit between two 
points – you don’t remove the wire 
You may have noticed 
 On the multimeter used in the lab there were two 
settings for current and voltage 
 There are two types of current  
 Direct Current (DC) 
 V        A 
 Alternating Current (AC) 
 V        A ~ ~ 
__ --- __ --- 
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Direct Current 
 The flow of charge always flows in one direction 
 Batteries create a direct current because they go 
from one terminal to the other and the process 
can’t be reversed – you can’t put a battery in 
backwards 
Alternating Current 
 Electrons can flow in one direction then the other 
alternating back and forth 
 This is how our outlets work  
 You cell phone charges with an AC adaptor, same 
for laptops 
 Typically in the United States the current 
alternates at a frequency of 60 cycles per second or 
60 hertz 
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Converting Currents 
 The ac adaptors allow you to take devices that use 
batteries (DC) to be connected to the wall to use 
an alternating current 
 The devices in these adaptors are diodes which 
are tiny electronic devices that acts as a one-way 
valve to allow electron flow in only one direction 
 Since AC goes in two directions only one 
direction is passing so only half of the current is 
passing through 
 Since this is in cycles a capacitor is needed to 
keep a smooth current 
What about the electrons? 
So the current flows through the circuit 
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Where do the electrons come from? 
 The source of electrons is the conducting material 
itself not the voltage source 
 Energy flows through the wall and then the 
energy is carried by the electric field that causes 
the existing electrons in the conductor to vibrate 
 The energy causes free electrons to vibrate in 
unison 
 The vibrations move across the conductor which 
creates the current 
Speed of Electrons in a Conductor 
 When you call someone the electric signal 
carrying your voice arrives at the other end 
nearly immediately 
 This signal travels at the speed of light but not the 
electrons in the phone line 
 The electrons have an average speed of few 
million km/hr because of thermal motion (the 
get heated up which is energy so they vibrate) 
 This motion is random though and there is no net 
flow in any particular direction 
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The motion is random and the electrons are 
bumping into other electrons and atoms 
 The electrons have a net motion in a direction 
parallel to the electric field 
 These electrons get stopped by other electrons 
that are still attached to the nucleus of other 
atoms 
 When they bump into these electrons they give 
kinetic energy into heat energy 
 This is why a wire warms when it is in use for a 
long time 
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 Since the electrons are bumping into other 
electrons their net speed is very low. 
 This net speed is the drift speed  
+
+
+ +
+
+
The electric field…  
  When a generator or battery is connected the electric field 
can travel through a circuit at nearly the speed of light  
  The conducting wire acts only as a guide for the electric field 
  Outside the electric field is effected by the location of the 
charges in the wire 
…shows the net motion of the electrons 
Battery Battery 
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What happens in the different circuits? 
  In AC circuits the electrons don’t make any net 
progress but instead oscillate to and fro creating a 
pattern of oscillation that is carried across the wire at the 
speed of light 
  In DC circuits the electrons make net progress in one 
direction but the electrons are moving in a lot of 
different directions 
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Ohm’s Law 
 Current = Voltage/Resistance 
  I=V/R  
 V=IR 
 R=V/I 
 Current is directly proportional to voltage and 
inversely proportional to resistance 
 Think logically 
 The less resistance the more current that can flow and 
the more voltage the greater the current 
Electric Shock 
 Your body has a resistance of 100 to 500,000 
ohms depending on if you are in water or are dry 
Current in amperes Effect 
0.001 Can be felt 
0.005 Painful 
0.010 Muscle Spasms 
0.015 Loss of Muscle Control 
0.070 If through the heart serious disruption – 
most likely fatal if longer than 1 second 
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 A typical outlet has a voltage of 120 volts 
  If you are touching a faulty 120 volt hanging light 
and the ground there is a large potential 
difference between the ground and the light 
 A potential difference causes a current which flows 
through you because it flows from high (the light) 
to low (the ground) 
 I= V/R 
  I = 120 V/100,000? 
  I = 0.0012 A which you can feel 
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The energy that is transferred to make 
the electrons vibrate costs money 
  We pay for this energy and need to find out what our 
electricity bill would be 
  For this we find out the power 
  All of the energy from the electricity company is 
changed into various other forms of energy such as heat 
and mechanical energy 
Electric Power 
 The charge moving (vibrating) in a circuit 
expends energy and the rate at which electric 
energy is converted into other energies 
(mechanical, heat, or light) is called electric 
power 
 Electric Power = Energy Converted/Time 
    = voltage x charge 
        time 
    = voltage x current 
Units = Volts x Amperes = Watts 
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Series Circuits 
  A series circuit has only one path for the current to flow 
 Current is the same in all the different parts of a series 
circuit 
  If there is any break in the circuit the current will be 
stopped 
  Often used in electronics when adjusting the current is 
needed 
 Dimmer Switches 
 Most electronics with on/off settings 
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Resistance in Series Circuits 
  The resistance is summed in series circuits 
RTotal = R1 + R2 + R3 + … 
Energy, Voltage and Current in Series 
Circuits 
  Energy cannot be created of destroyed – the electrical 
energy is converted to other forms of energy 
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Series Circuits Summary 
 VT=V1+V2+V3 
 IT=I1=I2=I3 
 RT=R1+R2+R3 
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Parallel Circuits 
  A parallel circuit has multiple paths for the current to 
flow 
 Current can be different in each of the various 
branches 
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Resistance in Parallel Circuits 
1        1       1 
RTotal    R1    R2   
 R3   
… 
Rtotal 
R1    R2   
 R3   
1      1       1      1   
… 
1 
What is the Total Resistance for this circuit? 
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Individual Branches 
  To find the current in each branch you use the resistance 
of that branch 
  All of the branches have the same voltage/potential 
difference 
  If the light in one branch doesn’t work it won’t effect the 
others because the others still have a potential difference 
active separately from that broken branch 
Summary of Parallel Circuits 
 VT=V1=V2=V3 
 IT=I1+I2+I3 
RTotal    R1    R2   
 R3   
1      1       1      1   
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Parallel Circuits in our homes 
  Each outlet has the same voltage because of this – each 
branch (outlet) has the same voltage 
  Each outlet or light can be turned off without effecting 
the others 
Problems 
to Try 
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Series Circuit 
Total 1 2 3 
Voltage 20 V 
Current 
Resistance  3 ? 5 ? 2 ? 
Parallel Circuit 
Total 1 2 3 
Voltage 12 V 
Current 
Resistance  6 ? 12 ? 4 ? 
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How it works! 
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  Lightning originates in towering, dark storm clouds.  
Inside these clouds charges begin to separate.  Scientists 
still don’t really understand how this happens.  Some 
believe that it is friction between the water particles that 
causes electrons to be ripped from some atom.  
  While we don’t know how it happens we know that the 
bottom of the cloud acquires and excess negative 
charge.  Warm updrafts carry the positive charged 
particles to the top of the cloud.  
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  The buildup of the negative charges at the bottom of the 
cloud repels the negative charges in the ground and 
attracts the positive ones.  The positively charged ground 
surface pulls the clouds electrons downward and on 
their way down these electrons crash into molecules, 
knocking even more electrons out of places.  These 
electrons would continue hurtling snowball like toward 
the earth if it weren’t for the tug of war that begins with 
the positive particles in the top of the cloud.   
  Lightning bolts can deliver between 15 
million and 1 billion volts of electricity.  
The current is about 50,000 Amps 
  This can cause serious damage 
◦  In a tree the sap may boils and the buildup of 
vapor pressure can cause the tree to explode 
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  The tallest objects in a storm don't always 
get struck by lightning. It's true that taller 
objects are closer to the clouds, but 
lightning can strike the ground at a close 
distance to a tall object. Taller objects may 
have a higher possibility of a strike, but 
where lightning is concerned, the strike 
path is not predictable.  
  This idea can save your life during a 
lightning storm 
10/8/08 
5 
  Electrons transfer to the cage then want to 
continue spreading apart and move towards the 
ground 
  They move through the metal because it is a 
conductor and electrons can flow freely 
  It doesn’t move through the air in the middle 
because it’s an insulator and electrons cannot 
flow as freely 
o  If you put a positive test charge in the center of the 
sphere you can see that the net force is zero 
o  If the net force is zero then the electric field is also 
zero 
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  When a car is struck by lightning the charges distribute 
themselves around the outside of the conductor and 
then discharge through the tires 
  The electrons spread themselves around the surface of 
the conductor since they repel each other 
  These electrons settle around the outside of the 
conductor  
  You can’t shield gravity because there gravity is only 
attractive 
  There are no repelling parts of gravity to offset the 
attractive particles 
  Think about it – there is nothing you can surround 
yourself with to shield yourself from gravity 
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CH. 33: ELECTRIC FIELDS 
AND POTENTIAL 
Pages: 517-528 
Electric Fields 
  We now know that charges create electric forces 
  These forces create a field that surrounds the object 
  Think of the gravitational force field 
  The earth is pulling objects toward the earth (attractive) 
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Electric Fields (cont.) 
  The same is true for charges except thy can also 
repel 
Electric Fields (cont.) 
  The electric field is the space around every electric 
charge 
  Electric fields have both magnitude and direction 
(meaning they are a vector) 
  Gravity can only attract, charges can attract and repel 
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Electric Fields (cont.) 
  The magnitude of an electric field is measured by 
imagining that a small positive charge is added to 
the field 
  When there is a large force on the charge the electric 
field is strong 
  When there is a small force on the charge the electric 
field is weak  
Electric Fields (cont.) 
  The direction of the electric field is determined by 
the charge creating the field 
  If the charge is negative, the field points toward the 
charge 
  If the charge is positive, the field points away from the 
charge  
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Electric Field Lines 
  Electric fields are represented by electric field lines 
  These are the vectors that point in the direction of 
the field 
Electric Field Lines – Two Charges 
  Since the direction of these lines is determined by a 
positive test charge, the electric field line travels 
from positive to negative 
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Electric Fields - Hockey 
  On your piece of paper come up with 6 different 
configurations to make the puck go in the goal 
  Show me why you think it will go in the goal (draw 
the electric field) 
9/2/08 
6 
Spherical Conductor 
  If you put a positive test 
charge in the center of 
the sphere you can see 
that the net force is zero 
  If the net force is zero 
then the electric field is 
also zero 
Non-Spherical Conductor 
  This is not true for non-spherical conductors 
because more of the electrons want to move 
until the electric field inside the conductor is 
zero 
  In order for this to happen more of the 
chares want to settle on the corners of the 
cube 
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Electric Potential Energy 
  Remember the relationship between work 
and energy for PE and KE (work was 
require to lift objects) 
Electric Potential Energy (cont.) 
  Work is needed to move charges within an 
electric field 
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  When you let go of the charge the potential 
energy converts to kinetic energy 
  The charge will accelerate in the direction of the 
electric field 
  Work is done in the opposite direction of the 
electric field 
  Think of it this way 
  The two charges have the same sign and 
are tied on together by a string 
  The potential energy is shown by the string 
  Once you cut the string the charges move 
away from each other  
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  So if the two charges have opposite charges 
imagine there is a steel rod between the 
charges 
  Once the steel rod is broken the two charges 
will go towards each other 
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Electric Potential 
  This is the potential energy per charge 
which is easier to use than the total potential 
energy of a large number of charges 
Electrical Potential (cont.) 
  Electrical Potential = Electrical Potential Energy 
        Charge 
  Unit of Electrical Potential Energy (Joules) 
  Unit of Charge (Coulombs) 
  J/C = Volts (V) 
  Since Volts is used as a unit many times electrical 
potential is referred to as voltage 
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Electric Energy Storage 
  Devices that store electrical energy are called 
capacitors 
  Simple capacitors are created by two closely 
spaced metal plates 
  The electricity is stored until a conducting path is 
created between the two plates 
9/2/08 
1 
CH. 32: ELECTROSTATICS 
Pages 500 - 514 
ELECTRICAL FORCES 
  Electrons have a NEGATIVE charge 
  Protons have a POSITIVE charge 
  Neutrons are neutral 
  Attract and Repel 
  From particles in atoms 
  Electrons 
  Neutrons 
  Protons 
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CHARGES 
  Particles with like charges repel 
  Particles with opposite charges attract 
CONSERVATION OF CHARGE 
  You have a neutral atom made up of many 
particles (electrons and protons) 
  If an atom gives away a negative electron to 
another atom, both become ions  
  An ion is a charged atom 
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  Notice that the electrons are transferred not 
created or destroyed 
  This is the same as Energy 
  Instead of Conservation of Energy it’s a 
Conservation of Charge 
COULOMB (C) 
  SI unit for charge 
  Abbreviated with a C 
  1 Coulomb of Charge equals the 
charge of 6.24 x 1018 electrons 
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COULOMB’S LAW 
  Relationship of the force between two charged 
particles and their distance 
  Similar to the gravitational force 
  k = 9,000,000,000 Nm2/C2 
  = 9 x 109 Nm2/C2 
COULOMB’S LAW PROBLEMS 
  q1 = 1 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe?  
Both of charges are 
positive which means they 
are repelling each other. 
k is a constant 
and always 
equals 
9 x 109 Nm2/C2 Fe = k 
q1q2 
  d2 
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NOW ONE CHARGE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 2 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe? 
DOUBLE 
Fe = k 
q1q2 
  d2 
NOW THE DISTANCE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 1 C 
  q2 = 1 C 
  d = 2m 
  What is the Fe? 
A FOURTH 
Because it is an inverse 
square relationship 
Fe = k 
q1q2 
  d2 
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EXAMPLE PROBLEM 
5.0 x10-9 meters 
q = 5.0 x 10-10 C  q = 2.5 x 10-15 C 
What is the Fe between the two charged particles? 
450 N 
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WHY IS A WIRE THE WAY IT IS? 
  Metal inside is a conductor 
  Rubber outside is an insulator 
CONDUCTORS 
  Materials that electrons can move easily 
  These electrons are bound “loosely” to the atom 
  These materials allow electricity to move 
through them 
  Metals are the most common conductors 
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INSULATORS 
  Materials that electrons cannot move as 
freely 
  These electrons have a stronger bond with 
the nucleus of an atom 
  Rubber and glass are common insulators 
  Insulators in electricity work similar to 
everyday insulators 
  Jacket – keeps the warmth in and warmth can’t 
travel through it 
SEMICONDUCTORS 
  Materials that are made to behave sometimes as 
insulators and other times as conductors 
SUPERCONDUCTORS 
  Select metals fall into this category when 
near a temperature of absolute zero 
  These metals have near zero resistance to 
electrons flowing 
  More recently high temperature 
superconductors have been found in 
nonmetallic materials 
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FARADAY’S CAGE 
  An everyday example of this is your car 
  This idea can save your life during a lightning 
storm 
WHAT IS HAPPENING? 
  Electrons transfer to the cage then want to 
continue spreading apart and move towards 
the ground 
  They move through the metal because it is a 
conductor and electrons can flow freely 
  It doesn’t move through the air in the middle 
because it’s an insulator and electrons cannot 
flow as freely 
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CHARGING BY FRICTION & CONTACT 
  When you drag your feet across the carpet 
after when then you go touch something and 
you get shocked 
  This is because the carpet transfers 
electrons to you through your feet giving you 
a net negative charge which you then pass 
onto the object you touch  
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WHAT IS HAPPENING HERE? 
CHARGING BY INDUCTION 
  Happens when a charged object is brought 
near a conducting object or surface 
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ELECTROPHORUS 
WHAT IS DIFFERENT ABOUT THIS TYPE OF 
CHARGING? 
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INDUCTION WITH GROUNDING 
  For this you don’t need two objects because 
the object is somehow linked to the ground 
(electrons can move to the ground) 
GROUNDING 
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CHARGING BY FRICTION 
POLARIZATION 
  Remember when the water stream bent 
towards the charged wand 
  And when the balloon stuck to the wall 
  Both of these are examples of 
polarization 
  The wall and the water stream were both 
neutral but the electrons were being 
attracted or repelled by the charge 
causing polarization 
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  Polarization occurs in insulators because 
electrons can’t escape and move freely 
  These insulators are still neutral because no 
electrons have been transferred 
  Conductors become charged 
  These electrons can only move a small amount, 
only allowing for a little rearranging 
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Chapters 34 and 35 
Pages: 531-558 
Electric Current and Circuits 
Flow of Charge 
 Now we know that the charges flow through 
conductors to create electricity 
 These charges only flow when  
   there is a potential difference 
 These charges want to flow  
   from high potential to low  
   potential 
 Water is similar in that it  
   flows from high pressure  
  to low pressure 
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Electric Current 
 The flow of charge per unit time 
 Electrons can flow freely in conductors and 
therefore carry electric charges through 
conductors 
 In a wire conductor there is no net charge because 
as charges enter the wire they are also exiting it 
making the levels of electrons and protons equal 
Electric Current 
 Electric current is measure in amperes (A) 
 1A = 1C/sec 
 If the current in a wire is 10 amperes that means 
10 coulombs of charge are passing through a cross 
section in a second 
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Voltage Sources 
 In order to have a current constantly flowing there 
must be something to provide a constant potential 
difference 
 A voltage source creates a potential difference 
 Remember voltage is another name for electric 
potential so if you have a voltage source that means 
you have a source of electric potential which 
creates the difference 
Voltage Sources (cont.) 
 Two oppositely charged spheres have a large 
voltage (potential) between them but if the 
spheres touch the potential difference is lost 
because the charges transfer 
 Better types of voltage sources are dry cells, wet 
cells, and generators because they create a 
constant potential difference 
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Battery, Bulb, and a Wire 
 You have a battery, a bulb, and a wire.  Your 
task is to make the bulb light 4 different 
ways.  Draw each of these ways for a lab 
grade. 
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What is a circuit? 
 A path in which charge can flow 
 To have a continuous flow of charge you need to 
have a circuit that has no gaps 
 Closed – no gaps 
 Open – gap can’t complete a path for current to 
flow 
Remember… 
 Charge flows through the circuit where voltage is 
measured across the circuit 
 Remember voltage is a potential (energy per 
charge) difference between two locations 
 A voltage is applied across the circuit to allow for 
the flow of the charge 
 A potential difference is created to allow for an 
electric current 
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Electric Resistance 
 The resistance the conductor creates when 
allowing the flow of charge is electric resistance 
 Superconductors have very little resistance – charge 
can travel freely with no problems 
 Measured in Ohms 
 The symbol for Ohms is Ω 
Electric Resistance (cont.) 
 Think of water in a pipe 
 The longer the pipe the more resistance the water 
has 
 The thicker the pipe the less resistance the water has 
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Direct Current 
 The flow of charge always flows in one direction 
 Batteries create a direct current 
Alternating Current 
 Electrons can flow in one direction then the other 
alternating back and forth 
 This is how our outlets work  
 Typically in the United States the current 
alternates at a frequency of 60 cycles per second 
or 60 hertz 
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Converting Currents 
 Adaptors use diodes; tiny electronic devices that 
acts as a one-way valve to allow electricity to flow 
in only one direction 
 Since AC goes in two directions only one direction 
is passing so only half of the current is passing 
through 
 Since this is in cycles a capacitor is needed to keep 
a smooth current 
Where do the electrons come from? 
 The source of electrons is the conducting 
material itself not the voltage source 
 Energy flows through the wall and then the 
energy causes the electrons in the conductor 
to vibrate 
 The vibrations move across the conductor 
which creates the current 
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Speed of Electrons in a Conductor 
 When you call someone the electric signal carrying 
your voice arrives at the other end nearly 
immediately (the signal travels at the speed of light) 
 The electrons have a very small net speed 
 This motion is random though and there is no net 
flow in any particular direction 
The motion is random and the 
electrons are bumping into other 
electrons and atoms 
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 The electrons have a net motion in a direction 
parallel to the electric field 
 When they bump into other atoms and electrons 
they transfer kinetic energy into heat energy 
 This is why a wire warms when it is in use for a 
long time 
 Since the electrons are bumping into other 
electrons their net speed is very low. 
+
+
+ +
+
+
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The electric field…  
 When a generator or battery is connected the 
electric field can travel through a circuit at nearly 
the speed of light  
 The conducting wire acts only as a guide for the 
electric field 
…shows the net motion of the electrons 
Battery Battery 
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Ohm’s Law 
 Current = Voltage/Resistance 
 I=V/R  
 V=IR 
 R=V/I 
 Current is directly proportional to voltage and 
inversely proportional to resistance 
 Think logically 
 The less resistance the more current that can flow 
and the more voltage the greater the current 
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The energy that is transferred to make 
the electrons vibrate costs money 
 We pay for this energy and need to find out 
what our electricity bill would be 
 For this we find out the power 
 All of the energy from the electricity 
company is changed into various other 
forms of energy such as heat and mechanical 
energy 
Electric Power 
 The charge moving (vibrating) in a circuit expends 
energy and the rate at which electric energy is 
converted into other energies (mechanical, heat, 
or light) is called electric power 
 Electric Power = Energy Converted/Time 
    = voltage x charge 
        time 
    = voltage x current 
Units = Volts x Amperes = Watts 
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Series Circuits 
 A series circuit has 
only one path for 
the current to flow 
 Current is the 
same in all the 
different parts of 
a series circuit 
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Resistance in Series Circuits 
 The resistance is summed in series circuits 
RTotal = R1 + R2 + R3 + … 
Energy, Voltage and Current in Series 
Circuits 
 Energy cannot be created of destroyed – the 
electrical energy is converted to other forms of 
energy 
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Series Circuits Summary 
 VT=V1+V2+V3 
 IT=I1=I2=I3 
 RT=R1+R2+R3 
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Series Circuits 
 Build a series circuit 
with one light bulb, a 
switch, and one battery 
 Build a series circuit 
with two light bulbs, a 
switch, and one battery 
 Build a series circuit 
with three light bulbs, a 
switch, and one battery. 
Parallel Circuits 
 A parallel circuit 
has multiple 
paths for the 
current to flow 
 Current can be 
different in 
each of the 
various 
branches 
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Resistance in Parallel Circuits 
1        1       1 
RTotal   R1   R2   R3   … 
Rtotal 
R1   R2   R3   
1      1       1      1   
… 
1 
Individual Branches 
 To find the current in 
each branch you use 
the resistance of that 
branch 
 All of the branches 
have the same 
voltage/potential 
difference 
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Summary of Parallel Circuits 
 VT=V1=V2=V3 
 IT=I1+I2+I3 
1        1       1 Rtotal 
R1   R2   R3   … 
1 
Parallel Circuits 
 Build a parallel circuit with 
two light bulbs, enough 
switches to shut each light 
off individually, and one 
battery 
 Build a parallel circuit with 
three light bulbs, enough 
switches to shut each light 
off individually, and one 
battery 
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Problems 
to Try 
Series Circuit 
Total 1 2 3 
Voltage 20 V 
Current 
Resistance  3 ? 5 ? 2 ? 
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Parallel Circuit 
Total 1 2 3 
Voltage 12 V 
Current 
Resistance  6 ? 12 ? 4 ? 
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Heat 
Chapter 21:  
Temperature, Heat, and Expansion 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Matter and Molecules 
 All matter is composed of molecules or 
atoms 
 These atoms are constantly in motion and 
have kinetic energy 
 This kinetic energy effects the warmth of 
an object 
Temperature 
 Definition: Quantity that tells us how hot or 
cold something is 
 Three Scales 
 Celsius 
 Fahrenheit 
 Kelvin 
 Absolute Zero occurs when an object has 
no kinetic energy because the molecules 
cannot move 
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Converting between the Three 
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How It Works: Thermometer 
 Materials 
 Tap Water 
 Rubbing Alcohol 
 Plastic Bottle 
 Food Coloring 
 Straw 
 Clay 
How It Works: Thermometer 
 Procedure 
 Pour Equal parts of tap water and rubbing alcohol 
into the bottle, filling about ¼ of the bottle 
 Add a couple drops of food coloring 
 Put the straw in the bottle but don’t let the straw 
touch the bottom 
 Use the clay to seal the bottle and keep the straw 
in place 
 Now put the bottle into the hot water then the cold 
water and mark the level of the liquid on the bottle 
each time 
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How It Works: Thermometer 
 Almost everything expands 
when it is heated 
 The expansion of the liquid 
when heated and 
contraction of it when 
cooled is marked at certain 
points called degrees on the 
thermometer giving it a 
scale 
Kinetic Energy 
 Temperature is a measure of the average
 kinetic energy of the atoms 
 The greater the temperature, the greater
 the kinetic energy 
 That’s why we can say the theoretical 0 K
 is when all motion stops. 
 The temperature change of an object,
 measured in K (absolute temperature), is
 proportional to the change in average
 kinetic energy of its atoms/molecules 
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Activity 
 Pretend to be molecules  
 Stand still and close together 
  Now start to wiggle  
 Now walk and move around  
 Now move faster and jump up and down  
 Now stop and notice where you are  
 You are much further apart and warmer
 just like the molecules when energy is
 added to you. 
Experiment 
 You have two bowls, Fill one with hot water and
 another with the same amount of cold water  
 When the water is still, put a drop of food
 coloring into the center of each bowl.  
 As the water molecules bump into the food
 color molecules, the food color will move
 around. Since the hot water molecules are
 moving faster, they will bump into the food
 color harder and more frequently causing it to
 spread more quickly than the food color in the
 cold water.  
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Heat 
 Heat is the
 transfer of
 energy when
 there is a
 difference of
 average
 kinetic
 energies
 (temperature) 
Heat and Temperature 
What this is saying is that
 energy ﬂows from high
 kineHc energy to low kineHc
 energy – heat is the ﬂow of
 energy 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Internal Energy 
 The grand total of all of the energies 
 An object doesn’t contain heat but
 contains internal energy 
 When heat is flowing it is said two objects
 are in thermal contact 
 Heat is the transfer of the internal energy
 of two objects 
Hot Tack vs. Warm Bucket Water 
 The heat flows from the very hot tack to
 the warm bucket of water as the
 temperature difference would tell us  
 BUT the Warm bucket of water has a
 greater internal or total energy  
 The hot tack has a greater average kinetic
 energy 
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Today’s Labs: 
Heat Mixes I 
Heat Mixes II 
Be very careful!! We are dealing 
with hot and cold water.  Follow all 
instrucHons COMPLETELY. 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Thermal Contact 
 Allows for the flow of heat
 between two objects 
 Heat flows from higher
 temperatures to lower
 temperatures 
 Heat does not flow based
 on net energy or total
 energy – it flows based on
 kinetic energy 
Thermal Equilibrium 
 When two objects reach the same
 temperature they are said to be in thermal
 equilibrium 
 In thermal equilibrium there is no heat
 transfer 
 A thermometer is a perfect example of this 
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Thermal Equilibrium and the Thermometer 
 Every time you put a thermometer into something
 to measure the temperature it is actually
 measuring the temperature of itself 
 The substance and the
 thermometer are in thermal
 contact, heat transfers until
 thermal equilibrium is reached 
 The liquid in the
 thermometer expand or
 contracts according to what
 its temperature is 
Measurement of Heat 
 Measurement of the energy it takes to
 create a difference in temperature 
 Measured in calories or joules 
 One calorie is defined as the amount of heat
 required to raise the temperature of 1 gram of
 water by 1°C 
 1 calorie = 4.184 Joules 
 The kilocalorie is also important to us 
 Abbreviated Calorie 
 It is the heat required to raise the temperature
 of 1 kg of water by 1°C   
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How many joules of energy are
 transferred by a 100 Watt bulb in 4
 hours? 
 1 W = 1J/s 
 So using dimensional analysis 
100W = 100J x 3600s x 4hr 
1s       1hr 
1440 kJ 
Specific Heat Capacity 
 Have you noticed that sometimes foods
 remains warmer than others for longer
 amounts of time? 
 This shows the specific heat capacity of
 each. 
 Different substances have different
 capacities for storing internal energy 
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Specific Heat Capacity 
 A gram of water requires 1 calorie to
 raise it by 1°C whereas iron takes 1/8th
 of a calorie – 1/8th as much energy 
 Water absorbs more heat per gram for
 the same change in temperature so we
 say water has a high specific heat
 capacity 
Specific Heat Capacity 
 In this picture water
 has a higher specific
 heat than the sand. 
 You can tell because
 they are getting the
 same energy from
 the sun but the water
 is cooler. 
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Specific Heat Capacity 
 Think of it as a type of thermal inertia, a
 resistance to a change in temperature 
 The water has less desire to change
 compared to that of the iron and the sand 
Specific Heat of Water 
 Water has a high specific heat in
 comparison to many common materials 
 The specific heat of water is 1cal/g°C 
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How many calories are absorbed by a pot
 of water with a mass of 500g in order to
 raise the temperature from 20°C to 30°C? 
Practice Problem 
5000 calories = 5 Calories 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If the speciﬁc heat of iron = 0.46 J/g°C, how
 much heat is needed to warm 50g of iron
 from 20°C to 100°C? 
Practice Problem 
1840 Joules 
If it takes 105 calories to warm 100g of
 aluminum from 20°C to 25°C, what is the
 speciﬁc heat of aluminum? 
Practice Problem 
0.21cal/g°C 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 We are going to burn Cheetos 
 How long do you think one will burn for? 
 How do we calculate the amount of energy
 that is being transferred from the burning
 Cheeto to the water? 
 Can we calculate the specific heat of the
 cheeto? 
 Make up a lab process to complete this
 task. 
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Demonstration: Ball and Ring 
 As you heat the ball or
 the ring each expand 
 Both the outer and
 inner radius of the ring
 expand making it a
 larger hole for the ball
 to fit through 
 The ball also expands
 in all directions 
Thermal Expansion 
 Everything expands as a different rate 
 As molecules move around they gain more
 energy and need more space 
 As things change phase bond break
 between molecules and they spread out
 making the volume greater 
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Remember 
 When we did the activity when you moved
 around the room. The more you moved
 the further apart you got.  This happens to
 the molecules as the temperature
 (average kinetic energy) is increased.  
Demonstration: Bimettallic Strip 
 Two different rates of
 expansion and cooling
 allows for bending 
10/8/08 
20 
Thermostat 
 A thermostat is also based on thermal
 expansion 
 There are two wires in a bulb with mercury 
 Mercury is a conductor so it needs to be in
 the right spot to connect the wires and
 turn on the heat (like a switch) 
 This bulb is controlled by a coil that
 expands as it is heated and contracts as it
 cool so the bulb moves and positions the
 mercury 
Water is different than most other
 materials 
 Water expands twice through the different
 phases 
 Its smallest volume occurs at 4°C and
 expands outward from that point 
 Smallest volume means largest density –
 in all of these items the mass is not
 changing but the volume is 
 Density = mass/volume 
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Expansion of Water 
Lakes and Ponds 
 Ice is less dense than water  
 Water is most dense at 4°C 
 What happens in the winter on our lakes
 and ponds? 
That means ICE
 FLOATS 
That means this
 temperature water
 sinks 
Water 
Ice 
0°C 
‐10°C 
4°C 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Chapter 22:  
Heat Transfer 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Conduction 
 The transfer of heat
 through contact 
 Heat transfer occurs
 by molecular
 collisions – molecules
 in contact collide and
 energy is transferred 
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Conductors – in Heat 
 Materials that conduct heat well are also
 known as conductors 
 Best conductor is metal 
 These conductors are similar to those in
 electricty because they are materials with
 the loose outer electrons 
 You can compare the conductivity of two
 items easily 
 If you touch two things at once in the same
 room one usually feels colder 
 The one that feels colder is the better
 conductor of heat 
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Activity 
 Compare the conductivity of 3 objects in
 the room. 
 Object X, Object Y, Object Z 
 X has a ______ conductivity than Y 
 X has a ______ conductivity than Z 
 Z has a ______ conductivity than Y 
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Insulators 
 These materials delay
 the transfer of heat –
 a carpet is an
 insulator when your
 foot is on it 
 We insulate our
 houses with fiberglass
 material that delays
 the heat from leaving
 your home 
Convection 
 Heat transfer occurs by current in a fluid 
 So conduction is for solids, convection is
 for gases and liquids 
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Hot vs. Cold 
 Hot is normally
 less dense
 (thermal
 expansion) than
 the cold 
 This means hot
 air rises and
 cold sinks 
Pot of Water 
 In our pot of water the water
 molecules on the bottom
 become heated then move
 upward giving the other cold
 ones the ability to drop to the
 bottom and get heated more 
 The warmer water also transfers
 heat to the other molecules
 because they all want to be in
 thermal equilibrium  
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Winds 
 Convection currents move the air through
 the atmosphere 
 We saw how cold and hot reacted and the
 currents they created in the water – the
 same thing happens in the air 
 The surface of the earth abosorbs heat at
 different rates creating varying
 temperatures in layers of the air 
 These differences in temperature make it
 so the currents vary and create winds in
 various directions 
 The warm air continuously wants to rise
 because it is less dense 
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Radiation 
 Heat transferred through electromagnetic
 rays 
 The sun heats us by sending waves
 through the air – the air is an insulator 
 Heat is emitted from the source and
 absorbed by something else even if there
 are insulators or no medium between the
 two objects 
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Activity: Sunlamp and 3 Cans of
 Water 
 We have 2 cans and a sunlamp.  In each
 can is an amount of water.  We are going
 to turn the sunlamp on and see the
 temperature differences over time. 
 Every 2 minutes we will take the
 temperatures of each can and continually
 compare  
Absorption of Radiant Energy 
 Absorption and reflection are opposites
 therefore those that absorb radiant
 energy, reflect very little 
 Perfect Black is a perfect absorber and
 reflects no radiant energy 
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Emission of Radiant Energy 
 Good absorbers = Good Emitter 
 Thermal Equilibrium dominates.  In order
 to get to thermal equilibrium an absorber
 (increases temperature) needs to give off
 more to get to same temperature as
 something that does not absorb well 
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 Conduction 
 Solid 
 Solid to Solid 
 Solid to Liquid 
 Convection 
 Liquid 
 Gas 
 Radiation 
 Sun/Fire/Heat Source to whatever – EM Waves 
Newton’s Law of Cooling 
 We know that things want to come to
 thermal equilibrium but how fast do they
 do this 
 Cooling is heat transfer (the hot object is
 giving up some energy) 
 When does water cool faster in a fridge or
 freezer? 
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 The rate of cooling is proportional to the
 temperature difference 
 Temperature Difference ~ Rate of Cooling 
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Global Warming and the Greenhouse Effect 
Greenhouse Eﬀect: Asymmetry of the atmosphere, in
 which carbon dioxide, water vapor, and other gases
 are more able to allow in‐coming solar radiaHon than
 they can let out out‐going radiaHon of heat, thus
 keeping the earth warmer than it would otherwise
 be 
Global Warming: An increase in average temperature
 around the earth.  It has been suggested that recent
 increases have been caused by increasing
 concentraHons of greenhouse gases in the
 atmosphere 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So what in our lives creates these
 gases? 
Methane comes parHally from
 farm cacle that produce our
 milk, and beef.  These two
 products are some of the most
 environmentally unfriendly
 processes.  The cows give oﬀ
 methane then they are brought
 to factories which produces
 Carbon Dioxide as well as the
 transportaHon of these goods,
 another source of Carbon
 Dioxide. 
*Carbon dioxide enters the atmosphere through the burning of fossil
 fuels (oil, natural gas, and coal), solid waste, trees and wood products,
 and also as a result of other chemical reacHons (e.g., manufacture of
 cement). Carbon dioxide is also removed from the atmosphere when
 it is absorbed by plants as part of the biological carbon cycle. 
*Methane is emiced during the producHon and transport of coal,
 natural gas, and oil. Methane emissions also result from livestock and
 other agricultural pracHces and by the decay of organic waste in
 municipal solid waste landﬁlls. 
*Nitrous oxide is emiced during agricultural and industrial acHviHes, as
 well as during combusHon of fossil fuels and solid waste. 
* Fluorinated Gases are syntheHc, powerful greenhouse gases that are
 emiced from a variety of industrial processes. Fluorinated gases are
 someHmes used as subsHtutes for ozone‐depleHng substances. These
 gases are typically emiced in smaller quanHHes, but because they are
 potent greenhouse gases, they are someHmes referred to as High
 Global Warming PotenHal gases. 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All this extra gases equal more heat
 staying in the atmosphere 
 This means sea level increase due to
 glaciers melting and thermal expansion. 
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Chapter 23:  
Change of Phase 
Four States of Matter 
 Solid 
 Liquid 
 Gas 
 Plasma (but we don’t deal with this one) 
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Evaporation 
 The process in which as liquid is changed
 to a gas 
 Only happens at the surface 
 Evaporation is a cooling process  
 Sweat and dog’s tongues are applications of
 cooling in evaporation 
 The molecules gain so much kinetic
 energy that they bump off the liquid and
 become a vapor 
10/8/08 
40 
 When these molecules get bumped off
 they take the kinetic energy from the ones
 still in the liquid 
 This means part of the kinetic energy of
 the liquid decreases and the kinetic
 energy of the vapor particle is higher 
Condensation 
 Opposite process from  
   evaporation 
 The same water vapor  
   molecules collide with  
   slower moving (colder  
   particles) give off some of their kinetic
 energy to these colder particles and
 therefore they become liquid again 
 Condensation is a warming process 
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 Evaporation and condensation usually
 occur together and the effect is the net of
 the two since they are opposites 
 When evaporation occurs one thing is
 cooling but something else must be
 warming, the opposite is true for
 condensation, when one thing is warming
 another must be cooling 
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Humidity 
Demonstration: Triple Point 
 We have water and are putting it in the
 vacuum 
 What do you think will happen? 
 The water first boils because there is little
 atmospheric pressure 
 Boiling like evaporation is a cooling
 process so then it turns to ice 
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Boiling 
 Also a process of
 going from liquid to a
 gas but occurs
 throughout the liquid
 not just on the surface 
 These molecules gain
 enough kinetic energy
 to free themselves
 from the liquid and
 become a gas 
Two ways for boiling to occur 
 Low atmospheric pressure 
 High temperature – kinetic energy 
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Freezing 
Freezing is the phase
 change from liquid
 to solid. 
The liquid is cooled,
 energy is taken out
 of it. 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VaporizaHon includes Boiling 
Lab Activity: Ice to Boiling 
 We want to measure the temperature
 change over the time it takes to go from
 ice to boiling water.   
 Take readings every 2 minutes until the
 water has been boiling for 6 minutes. 
 Graph this data. 
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Temperature Scales 
A bit more in depth. 
Celsius and 
Fahrenheit 
Compared 
Important ones are 
boiling and 
freezing of water 
as well as absolute 
zero 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Celsius and Kelvin 
Compared 
Important ones are 
boiling and 
freezing of water 
as well as absolute 
zero 
A
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e 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ConverEng between the Three 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How it works! 
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  Lightning originates in towering, dark storm clouds.  
Inside these clouds charges begin to separate.  Scientists 
still don’t really understand how this happens.  Some 
believe that it is friction between the water particles that 
causes electrons to be ripped from some atom.  
  While we don’t know how it happens we know that the 
bottom of the cloud acquires and excess negative 
charge.  Warm updrafts carry the positive charged 
particles to the top of the cloud.  
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  The buildup of the negative charges at the bottom of the 
cloud repels the negative charges in the ground and 
attracts the positive ones.  The positively charged ground 
surface pulls the clouds electrons downward and on 
their way down these electrons crash into molecules, 
knocking even more electrons out of places.  These 
electrons would continue hurtling snowball like toward 
the earth if it weren’t for the tug of war that begins with 
the positive particles in the top of the cloud.   
  Lightning bolts can deliver between 15 
million and 1 billion volts of electricity.  
The current is about 50,000 Amps 
  This can cause serious damage 
◦  In a tree the sap may boils and the buildup of 
vapor pressure can cause the tree to explode 
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  The tallest objects in a storm don't always 
get struck by lightning. It's true that taller 
objects are closer to the clouds, but 
lightning can strike the ground at a close 
distance to a tall object. Taller objects may 
have a higher possibility of a strike, but 
where lightning is concerned, the strike 
path is not predictable.  
  This idea can save your life during a 
lightning storm 
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  Electrons transfer to the cage then want to 
continue spreading apart and move towards the 
ground 
  They move through the metal because it is a 
conductor and electrons can flow freely 
  It doesn’t move through the air in the middle 
because it’s an insulator and electrons cannot 
flow as freely 
o  If you put a positive test charge in the center of the 
sphere you can see that the net force is zero 
o  If the net force is zero then the electric field is also 
zero 
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  When a car is struck by lightning the charges distribute 
themselves around the outside of the conductor and 
then discharge through the tires 
  The electrons spread themselves around the surface of 
the conductor since they repel each other 
  These electrons settle around the outside of the 
conductor  
  You can’t shield gravity because there gravity is only 
attractive 
  There are no repelling parts of gravity to offset the 
attractive particles 
  Think about it – there is nothing you can surround 
yourself with to shield yourself from gravity 
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CH. 33: ELECTRIC FIELDS 
AND POTENTIAL 
Pages: 517-528 
Electric Fields 
  We now know that charges create electric forces 
  These forces create a field that surrounds the object 
  Think of the gravitational force field 
  The earth is pulling objects toward the earth (attractive) 
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Electric Fields (cont.) 
  The same is true for charges except they can also 
repel 
Electric Fields (cont.) 
  The electric field is the space around every electric 
charge 
  Electric fields have both magnitude and direction 
(meaning they are a vector) 
  Charges can attract and repel 
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Electric Fields (cont.) 
  The magnitude of an electric field is measured by 
imagining that a small positive charge is added to 
the field 
  When there is a large force on the charge the electric 
field is strong 
  When there is a small force on the charge the electric 
field is weak  
Electric Fields (cont.) 
  The direction of the electric field is determined by 
the charge creating the field 
  If the charge is negative, the field points toward the 
charge 
  If the charge is positive, the field points away from the 
charge  
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Electric Field Lines 
  Electric fields are represented by electric field lines 
  These are the vectors that point in the direction of 
the field 
Electric Field Lines – Two Charges 
  Since the direction of these lines is determined by a 
positive test charge, the electric field line travels 
from positive to negative 
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Electric Fields can also be between 
charges of different magnitude 
  The greater the magnitude the closer you draw the 
lines. 
Strength of an Electric Field 
  E = F/q 
  Force on a charge divided by the charge 
  N/C 
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Electrostatic Copier 
  The electrostatic copier arranges positive charges (in a 
pattern to be copied) on the surface of a non-conducting 
drum 
  Then it gently sprinkles negatively charged dry toner (ink) 
particles onto the drum. 
  The toner particles temporarily stick to the pattern on the 
drum and are later transferred to paper and “melted” to 
produce a copy 
  Mass of a toner particle is 9x10-16 kg with an average of 
20 extra electrons 
  Electric force must be double the mass to ensure sufficient 
attraction 
  What is the Electric Field needed? 
Problems 
  A particle has a charge -3.00nC 
 Find the magnitude and direction of the electric field 
due to this particle at a point 0.250 m directly above it. 
 At what distance from this particle does its electric field 
have a magnitude of 12.0 N/C? 
  A small object carrying a charge of -55.0µC experiences a 
downward force of 6.20 x10-9 N when placed at a certain 
point in an electric field. 
 What are the magnitude and direction of the electric 
field at that point? 
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Electric Potential Energy 
  Remember the relationship between work and 
energy for PE and KE (work was require to lift 
objects) 
Electric Potential Energy (cont.) 
  Work is needed to move charges within an electric 
field 
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  When you let go of the charge the potential energy 
converts to kinetic energy 
  The charge will accelerate in the direction of the 
electric field 
  Work is done in the opposite direction of the 
electric field 
  Think of it this way 
  The two charges have the same sign and are tied on 
together by a string 
  The potential energy is shown by the string 
  Once you cut the string the charges move away 
from each other  
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  So if the two charges have opposite charges 
imagine there is a steel rod between the charges 
  Once the steel rod is broken the two charges will go 
towards each other 
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Electric Potential 
  This is the potential energy per charge which is 
easier to use than the total potential energy of a 
large number of charges 
Electrical Potential (cont.) 
  Electrical Potential = Electrical Potential Energy 
      Charge 
  Unit of Electrical Potential Energy (Joules) 
  Unit of Charge (Coulombs) 
  J/C = Volts (V) 
  Since Volts is used as a unit many times electrical 
potential is referred to as voltage 
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Problems 
  If a force of 4N is applied to a particle having a 
charge of1.8x10-19C over a distance of 9x10-9m, 
what is the Electric Potential of this particle?  
  If you let go a particle that has 8.0x10-15C of 
charge and it converts all its PE to KE with a total of 
16J of Kinetic Energy, what was the electric 
potential of the charge before it was released?  
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  The electric potential of a particle with 6C of 
charge is 144V.  What distance would you have to 
have had moved the charge in an electric field 
having12N of force?  
Has work been done moving from 
  A to B 
  A to C 
  A to D 
  B to A 
  B to C 
  B to D 
  C to A 
  C to B 
  C to D 
  D to A 
  D to B 
  D to C 
A 
B 
D 
C 
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CH. 32: ELECTROSTATICS 
Pages 500 - 514 
ELECTRICAL FORCES 
  Two charges – positive and negative 
  Attract and Repel 
  Atoms 
  Electrons – Negative 
  Protons – Positive 
  Neutrons – Neutral 
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CHARGES 
  Particles with like charges repel 
  Particles with opposite charges attract 
10/8/08 
3 
CONSERVATION OF CHARGE 
  You have a neutral atom made up of many 
particles (electrons and protons) 
  If an atom gives away a negative electron to 
another atom, both become ions  
  An ion is a charged atom 
  Notice that the electrons 
are transferred not created 
or destroyed 
  This is the same as Energy 
  Instead of Conservation of 
Energy it’s a Conservation of 
Charge 
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COULOMB (C) 
  SI unit for charge 
  Abbreviated with a C 
  1 Coulomb of Charge equals the 
charge of 6.24 x 1018 electrons 
COULOMB’S LAW 
  Relationship of the force between two charged 
particles and their distance 
  Similar to the gravitational force 
  k = 9,000,000,000 Nm2/C2 
  = 9 x 109 Nm2/C2 
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COULOMB’S LAW PROBLEMS 
  q1 = 1 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe?  
Both of charges are 
positive which means they 
are repelling each other. 
k is a constant 
and always 
equals 
9 x 109 Nm2/C2 Fe = k 
q1q2 
  d2 
THE WATER STREAM 
  If I put a negatively charged rod near the water 
stream it bends toward the rod.  What happens if 
I put a positively charged rod near the water 
stream?  
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POLARIZATION 
  Remember when the water stream bent 
towards the charged wand 
  And when the balloon stuck to the wall 
  Both of these are examples of 
polarization 
  The wall and the water stream were both 
neutral but the electrons were being 
attracted or repelled by the charge 
causing polarization 
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  Polarization occurs in insulators because 
electrons can’t escape and move freely 
  These insulators are still neutral because no 
electrons have been transferred 
  Conductors become charged 
  These electrons can only move a small amount, 
only allowing for a little rearranging 
NOW ONE CHARGE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 2 C 
  q2 = 1 C 
  d = 1m 
  What is the Fe? 
DOUBLE 
Fe = k 
q1q2 
  d2 
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NOW THE DISTANCE IS DOUBLED – WHAT 
HAPPENS? 
  q1 = 1 C 
  q2 = 1 C 
  d = 2m 
  What is the Fe? 
A FOURTH 
Because it is an inverse 
square relationship 
Fe = k 
q1q2 
  d2 
EXAMPLE PROBLEM 
5.0 x10-9 meters 
q = 5.0 x 10-10 C  q = 2.5 x 10-15 C 
What is the Fe between the two charged particles? 
450 N 
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WHY IS A WIRE THE WAY IT IS? 
CONDUCTORS 
  Materials that electrons can move easily 
  These electrons are bound “loosely” to the atom 
  These materials allow electricity to move 
through them 
  Metals are the most common conductors 
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INSULATORS 
  Materials that electrons cannot move as 
freely 
  These electrons have a stronger bond with 
the nucleus of an atom 
  Rubber and glass are common insulators 
  Insulators in electricity work similar to 
everyday insulators 
  Jacket – keeps the warmth in and warmth can’t 
travel through it 
SEMICONDUCTORS 
  Materials that are made to behave sometimes as 
insulators and other times as conductors 
SUPERCONDUCTORS 
  Select metals fall into this category when 
near a temperature of absolute zero 
  These metals have near zero resistance to 
electrons flowing 
  More recently high temperature 
superconductors have been found in 
nonmetallic materials 
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CHARGING BY FRICTION & CONTACT 
  When you drag your feet across the carpet 
after when then you go touch something and 
you get shocked 
  This is because the carpet transfers 
electrons to you through your feet giving you 
a net negative charge which you then pass 
onto the object you touch  
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WHAT IS HAPPENING HERE? 
CHARGING BY INDUCTION 
  Happens when a charged object is brought 
near a conducting object or surface 
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WHAT IS DIFFERENT ABOUT THIS TYPE OF 
CHARGING? 
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INDUCTION WITH GROUNDING 
  For this you don’t need two objects because 
the object is somehow linked to the ground 
(electrons can move to the ground) 
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GROUNDING 
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Chapters 34 and 35 
Pages: 531-558 
Electric Current and Circuits 
Flow of Charge 
 Now we know that the charges flow through 
conductors to create electricity 
 These charges only flow when there is a potential 
difference 
 Potential difference occurs when there are two 
different electrical potentials 
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Flow of Charge (cont.) 
 These charges want to flow from high potential to 
low potential 
 Water is similar in that if flows from high 
pressure to low pressure 
Electric Current 
 The flow of charge per unit time is called electric 
current 
 Electrons can flow freely in conductors and 
therefore carry electric charges through circuits 
within the conductors (wires) 
 These electrons are called conduction electrons 
 Note that in a wire conductor there is no net charge 
because as charges enter the wire they are also 
exiting it making the levels of electrons and protons 
equal under normal conditions 
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Electric Current 
 Electric current is measure in amperes (A) 
 1 ampere – the flow of 1 coulomb of charge per 
second 
 1A = 1C/sec 
  If the current in a wire is 10 amperes that means 
10 coulombs of charge are passing through a cross 
section in a second 
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Voltage Sources 
 We know that charges do not flow unless there is 
a potential difference 
  In order to have a current constantly flowing 
there must be something to provide a constant 
potential difference 
 A voltage source creates a potential difference 
 Remember voltage is another name for electric 
potential so if you have a voltage source that 
means you have a source of electric potential 
which creates the difference 
Voltage Sources (cont.) 
 Two oppositely charged spheres have a large 
voltage (potential) between them but if the 
spheres touch the potential difference is lost 
because the charges transfer 
 Better types of voltage sources are dry cells, wet 
cells, and generators because they create a 
constant potential difference 
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 Dry and Wet Cells have a chemical reaction that 
occur that is then transferred to electric energy 
 Generators use mechanical energy that is 
transferred to electric energy 
 This energy allows the charges to move creating a 
current 
 The electric potential energy between terminal 
from the generator or cells is the voltage  
Wall Outlets 
 Power utilities use large generators that create a 
potential difference of 120 volts 
 The voltage of your outlet or the potential 
difference between the two holes is 120 volts 
 This means for every coulomb of charge receives 
120 joules of energy for the charge to flow in the 
circuit 
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Remember… 
 Charge flows through the circuit where voltage is 
measured across the circuit 
 Remember voltage is a potential (energy per 
charge) difference between two locations 
 A voltage is applied across the circuit to allow for 
the flow of the charge 
 A potential difference is created to allow for an 
electric current 
Electric Resistance 
 The resistance the conductor creates when 
allowing the flow of charge is electric resistance 
 Superconductors have very little resistance – charge 
can travel freely with no problems 
 Superconductors are usually metals at very cold 
temperatures so you can see as temperature 
increases in most materials the resistance increases 
 Measured in Ohms 
 The symbol for Ohms is Ω 
10/8/08 
7 
Electric Resistance (cont.) 
 Think of water in a pipe 
 The longer the pipe the more resistance the water 
has 
 The thicker the pipe the less resistance the water has 
Electric Energy Storage 
  Devices that store electrical energy are called capacitors 
  Simple capacitors are created by two closely spaced metal plates 
  The electricity is stored until a conducting path is created 
between the two plates 
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What is a circuit? 
 A path in which charge can flow 
 To have a continuous flow of charge you need to 
have a circuit that has no gaps 
 Closed – no gaps 
 Open – gap can’t complete a path for current to 
flow 
Current and Voltage 
 Current is measured through a circuit – you 
have to take the wire out and it goes through the 
multimeter 
 Voltage is measured across a circuit between two 
points – you don’t remove the wire 
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You may have noticed 
 On the multimeter used in the lab there were two 
settings for current and voltage 
 There are two types of current  
 Direct Current (DC) 
 V        A 
 Alternating Current (AC) 
 V        A ~ ~ 
__ --- __ --- 
Direct Current 
 The flow of charge always flows in one direction 
 Batteries create a direct current because they go 
from one terminal to the other and the process 
can’t be reversed – you can’t put a battery in 
backwards 
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Alternating Current 
 Electrons can flow in one direction then the other 
alternating back and forth 
 This is how our outlets work  
 You cell phone charges with an AC adaptor, same 
for laptops 
 Typically in the United States the current 
alternates at a frequency of 60 cycles per second or 
60 hertz 
Converting Currents 
 The ac adaptors allow you to take devices that use 
batteries (DC) to be connected to the wall to use 
an alternating current 
 The devices in these adaptors are diodes which 
are tiny electronic devices that acts as a one-way 
valve to allow electron flow in only one direction 
 Since AC goes in two directions only one 
direction is passing so only half of the current is 
passing through 
 Since this is in cycles a capacitor is needed to 
keep a smooth current 
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What about the electrons? 
So the current flows through the circuit 
Where do the electrons come from? 
 The source of electrons is the conducting material 
itself not the voltage source 
 Energy flows through the wall and then the 
energy is carried by the electric field that causes 
the existing electrons in the conductor to vibrate 
 The energy causes free electrons to vibrate in 
unison 
 The vibrations move across the conductor which 
creates the current 
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Speed of Electrons in a Conductor 
 When you call someone the electric signal 
carrying your voice arrives at the other end 
nearly immediately 
 This signal travels at the speed of light but not the 
electrons in the phone line 
 The electrons have an average speed of few 
million km/hr because of thermal motion (the 
get heated up which is energy so they vibrate) 
 This motion is random though and there is no net 
flow in any particular direction 
The motion is random and the electrons are 
bumping into other electrons and atoms 
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 The electrons have a net motion in a direction 
parallel to the electric field 
 These electrons get stopped by other electrons 
that are still attached to the nucleus of other 
atoms 
 When they bump into these electrons they give 
kinetic energy into heat energy 
 This is why a wire warms when it is in use for a 
long time 
 Since the electrons are bumping into other 
electrons their net speed is very low. 
 This net speed is the drift speed  
+
+
+ +
+
+
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The electric field…  
  When a generator or battery is connected the electric field 
can travel through a circuit at nearly the speed of light  
  The conducting wire acts only as a guide for the electric field 
  Outside the electric field is effected by the location of the 
charges in the wire 
…shows the net motion of the electrons 
Battery Battery 
What happens in the different circuits? 
  In AC circuits the electrons don’t make any net 
progress but instead oscillate to and fro creating a 
pattern of oscillation that is carried across the wire at the 
speed of light 
  In DC circuits the electrons make net progress in one 
direction but the electrons are moving in a lot of 
different directions 
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Ohm’s Law 
 Current = Voltage/Resistance 
  I=V/R  
 V=IR 
 R=V/I 
 Current is directly proportional to voltage and 
inversely proportional to resistance 
 Think logically 
 The less resistance the more current that can flow and 
the more voltage the greater the current 
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Electric Shock 
 Your body has a resistance of 100 to 500,000 
ohms depending on if you are in water or are dry 
Current in amperes Effect 
0.001 Can be felt 
0.005 Painful 
0.010 Muscle Spasms 
0.015 Loss of Muscle Control 
0.070 If through the heart serious disruption – 
most likely fatal if longer than 1 second 
 A typical outlet has a voltage of 120 volts 
  If you are touching a faulty 120 volt hanging light 
and the ground there is a large potential 
difference between the ground and the light 
 A potential difference causes a current which flows 
through you because it flows from high (the light) 
to low (the ground) 
 I= V/R 
  I = 120 V/100,000? 
  I = 0.0012 A which you will feel but no harmful effect 
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The energy that is transferred to make 
the electrons vibrate costs money 
  We pay for this energy and need to find out what our 
electricity bill would be 
  For this we find out the power 
  All of the energy from the electricity company is 
changed into various other forms of energy such as heat 
and mechanical energy 
Electric Power 
 The charge moving (vibrating) in a circuit 
expends energy and the rate at which electric 
energy is converted into other energies 
(mechanical, heat, or light) is called electric 
power 
 Electric Power = Energy Converted/Time 
    = voltage x charge 
        time 
    = voltage x current 
Units = Volts x Amperes = Watts 
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Series Circuits 
  A series circuit has only one path for the current to flow 
 Current is the same in all the different parts of a series 
circuit 
  If there is any break in the circuit the current will be 
stopped 
  Often used in electronics when adjusting the current is 
needed 
 Dimmer Switches (add a potentiometer) 
 Most electronics with on/off settings 
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Resistance in Series Circuits 
  The resistance is summed in series circuits 
RTotal = R1 + R2 + R3 + … 
Energy, Voltage and Current in Series 
Circuits 
  Energy cannot be created of destroyed – the electrical 
energy is converted to other forms of energy 
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Series Circuits Summary 
 VT=V1+V2+V3 
 IT=I1=I2=I3 
 RT=R1+R2+R3 
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Parallel Circuits 
  A parallel circuit has multiple paths for the current to 
flow 
 Current can be different in each of the various 
branches 
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Resistance in Parallel Circuits 
1        1       1 
RTotal    R1    R2   
 R3   
… 
Rtotal 
R1    R2   
 R3   
1      1       1      1   
… 
1 
Individual Branches 
  To find the current in each branch you use the resistance 
of that branch 
  All of the branches have the same voltage/potential 
difference 
  If the light in one branch doesn’t work it won’t effect the 
others because the others still have a potential difference 
active separately from that broken branch 
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Summary of Parallel Circuits 
 VT=V1=V2=V3 
 IT=I1+I2+I3 
RTotal    R1    R2   
 R3   
1      1       1      1   
Parallel Circuits in our homes 
  Each outlet has the same voltage because of this – each 
branch (outlet) has the same voltage 
  Each outlet or light can be turned off without effecting 
the others 
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Problems 
to Try 
Series Circuit 
Total 1 2 3 
Voltage 20 V 
Current 
Resistance  3 ? 5 ? 2 ? 
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Parallel Circuit 
Total 1 2 3 
Voltage 12 V 
Current 
Resistance  6 ? 12 ? 4 ? 
 Appendix M: Fill In Time B&F Blocks Lecture Notes 
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Chapters 34 and 35 
Pages: 531-558 
Electric Current and Circuits 
Flow of Charge - Current 
 These charges only flow when there is a potential 
difference 
 Units for Current amperes (A) 
 1A = 1C/sec 
Voltage Sources 
 Voltage – electric potential 
 A voltage source creates a potential difference 
 Potential difference is needed for a current 
 Batteries, Generators, and Motors 
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Direct Current 
 The flow of charge always flows in one direction 
 Batteries create a direct current 
Alternating Current 
 Electrons can flow in one direction then the other 
alternating back and forth 
 This is how our outlets work  
 Typically in the United States the current 
alternates at a frequency of 60 cycles per second 
or 60 hertz 
Converting Currents 
 Adaptors use diodes; tiny electronic devices that 
acts as a one-way valve to allow electricity to flow 
in only one direction 
 Since AC goes in two directions only one direction 
is passing so only half of the current is passing 
through 
 Since this is in cycles a capacitor is needed to keep 
a smooth current 
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IMPORTANT… 
Charge flows through 
the circuit where voltage 
is created across the 
circuit 
Where do the electrons come from? 
 The source of electrons is the conducting 
material itself not the voltage source 
 Energy flows through the wall and then the 
energy causes the electrons in the conductor 
to vibrate 
 The vibrations move across the conductor 
which creates the current 
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 The electrons have a net motion in a direction 
parallel to the electric field when a voltage source is 
connected 
 When they bump into other atoms and electrons 
they transfer kinetic energy into heat energy 
 Since the electrons are bumping into other 
electrons their net speed is very low. 
+
+
+ +
+
+
Electric Resistance 
 Measured in Ohms 
 The symbol for Ohms is Ω 
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Ohm’s Law 
Current (Amps-A) =    Voltage (Volts-V) 
       Resistance (Ohms-?) 
 I=V/R  
 V=IR 
 R=V/I 
 The less resistance the more current that can 
flow and the more voltage the greater the current 
Electric Power 
Electric Power = Energy Converted/Time 
    = voltage x charge 
        time 
    = voltage x current 
P = V x I  Units = Watts 
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Series Circuits 
 A series circuit has 
only one path for 
the current to flow 
 Current is the 
same in all the 
different parts of 
a series circuit 
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Resistance in Series Circuits 
 The resistance is summed in series circuits 
RTotal = R1 + R2 + R3 + … 
Energy, Voltage and Current in Series 
Circuits 
 Energy cannot be created of destroyed – the 
electrical energy is converted to other forms of 
energy 
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Series Circuits Summary 
 VT=V1+V2+V3 
 IT=I1=I2=I3 
 RT=R1+R2+R3 
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Parallel Circuits 
 A parallel circuit 
has multiple 
paths for the 
current to flow 
 Current can be 
different in 
each of the 
various 
branches 
Resistance in Parallel Circuits 
1        1       1 
RTotal   R1   R2   R3   … 
Rtotal 
R1   R2   R3   
1      1       1      1   
… 
1 
9/2/08 
10 
Individual Branches 
 To find the current in 
each branch you use 
the resistance of that 
branch 
 All of the branches 
have the same 
voltage/potential 
difference 
Summary of Parallel Circuits 
 VT=V1=V2=V3 
 IT=I1+I2+I3 
1        1       1 Rtotal 
R1   R2   R3   … 
1 
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Problems 
to Try 
Series Circuit 
Total 1 2 3 
Voltage 20 V 
Current 
Resistance  3 ? 5 ? 2 ? 
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Parallel Circuit 
Total 1 2 3 
Voltage 12 V 
Current 
Resistance  6 ? 12 ? 4 ? 
 Appendix N: Other Labs, Activities, and Demonstrations 
DATAMATE Instructions If EasyData does not recognize your probe follow these instructions to collect data.  All lab procedures are the same except the calculator data collection. 1. Go to  APPS 2. Highlight DataMate and press enter.  The following screen should appear: 
   3. If the sensor name appears press 2 to begin data collection.  If not continue with step 4. 4. If your sensor name does not appear next to the correct spot as to wher the probe is plugged in press 1 Setup.  The following screen should appear: 
   5. Highlight the appropriate sensor port name and press Enter 6. A list of sensors will pop up .  Choose the appropriate one and continue choosing until you get back to the screen in step 4. 7. When you get back to the screen in step 4 and the sensor is listed in the appropriate location press 1 and you are sent to collect data by pressing 2. 
CH 1: SENSOR NAME  #  Mode: HOW DATA IS BEING RECORDED     1. Setup      4.  Analyze 2. Start      5.  Tools 3. Graph      6.  Quit 
CH 1:  CH 2: CH 3: DIG:  Mode:    1. Ok        4.  Zero 2. Calibrate      5.  Save/Load  
N D B Convection Lab 1. Place 3 Styrofoam cups upside down on a piece of paper.  2. Place the pan on top of the cups as shown.  The cups should be near the outer edges of the saucer and evenly spaced.  3. Fill the plastic saucers three‐quarters with cold water.  Let the water sit to make sure it is still.  *NOTE DO NOT BUMP TABLE YOU ARE WORKING ON OR WALK AROUND TOO MUCH DURING THE EXPERIMENT 4. Using the coffee stirrer drop a small amount of food coloring at the bottom of the pan’s water. 5. Record observations and create drawings as necessary. 6. For each of the following trials you add an additional cup of hot water under the center of the pan. 7. You will be putting food‐coloring drops in different places. 
     Questions What have we learned about hot and cold fluids? Why do we use plastic containers and not metal?  
Name       Block       
Wave Machine Lab 
Read everything BEFORE starting. 
Objective:  
• Discover standing waves and learn about the properties of these waves. 
• Determine how the tension affects the wave speed.  
What you have to do: In this lab you will create standing waves to find the first 10 harmonics.  At each harmonic you will write down the frequency that corresponds.  You will do this for 3 different tensions: 1. Loose – as loose as you can put the string on without any slack 2. Medium – a medium tension 3. Tight – not so tight that the string cannot vibrate but tighter than medium Steps to follow: 1. Before starting anything you should come up with two hypothesizes based on the two objectives of this lab. 2. All pieces should be connected and set up (Wiggler, Stand with Washers to hold string, String, Sound Machine, and CPO Timer).  The only thing you should have to do is adjust the string tension. 3. Measure the length of the string from the washers to the wiggler.  Record this value. 4. Plug in the CPO timer to the wall. 5. Turn the CPO timer on.  The sound and wave machine should also turn on.  Hold down the black button to make the light go from sound to waves.  The green light will be next to “waves” when it is correct.   6. Start at a low frequency of 1.5Hz and begin adjusting until you get a harmonic.  You will know you reached a harmonic because you will see the standing wave.  Also the wiggler will become quieter and the standing wave will expand to its widest point when you reach the harmonic. (The fundamental frequency, or first harmonic is the most difficult to find). 7. Continue adjusting to get each harmonic, recording the frequency for each. 8. Make sure your collect data for the first 10 harmonics, for all three tensions, and create a data table on your own on a separate sheet of paper.  
Data Collection: 
• Frequency (f) is the only data you are actually collecting.   
Wiggler 
CPO Timer 
Sound 
and  
Wave 
Machine 
• Wavelength (λ), Number of Nodes (N), Number of Anti‐Nodes (A), and Harmonic (n) are characteristic of the standing wave.  Use your notes to find these values as well as the equation below.      
 
Analysis: From this data you will be able to calculate wave speed and decide how the tension affects the speed.  Also you should be able to find the pattern in the frequencies of each harmonic.  I am looking for a detailed explanation and reasoning to show you fully understand what was occurring.  No graphs are required for this lab.  
Conclusion: From you analysis of your data you need to come to some conclusions about the frequencies of standing waves and wave speed in the different tensions.   All of this should be presented in a formal lab report due April 2nd (this means you do not need to work on it over vacation). 
L E A G U E  O F  N A T I O N S 
J O I N T  I N T E R N A T I O N A L  C O M M I T T E E  O N  C L I M A T E  C H A N G E 
 
U R G E N T  M E S S A G E  
To:  Climate Change Research Team  
Re:  Global Warming  
 
As you may already know, the nations of our planet are currently facing important issues 
regarding the impact that humans are having on the environment.  Many scientists have 
found evidence that increased pollution may be leading to global climate change.  Some 
predict that if we continue to emit so-called “greenhouse gasses” into our atmosphere at 
current levels, that we will face changes in temperature, precipitation, and sea-levels 
which would threaten life on the planet.  
 
Leaders of a number of nations are seeking to understand the issues of global warming in 
order to learn how climate change might affect their people.  The problem is, global 
climate change is a very difficult issue to understand, and there are many 
misunderstandings about it in the media and the general population.  
 
I need you to help me to advise them by doing the following:  
• Investigate the forces that influence global climate and then explain what “climate change” 
really means  
• Advise how climate change would affect our nation and its unique characteristics (such as 
geography, population, economy, etc.)  
• Write a concrete proposal of solutions to the problem of global climate change. .  
 
As I said at the recent Convention on Climate Change in Kyoto, Japan, “The risks of 
climate change pose the most critical and pervasive environmental threats ever to the 
security of the human community and to life on Earth as we know it ... On an issue that 
could have such a decisive effect on the future of humanity, we must act on the principle 
that precaution now is wiser than panic later.”  
 
I am counting on you to help me resolve this important international issue.  
 
Thank you, and good luck!  
League of Nations Secretary General 
L E A G U E  O F  N A T I O N S 
J O I N T  I N T E R N A T I O N A L  C O M M I T T E E  O N  C L I M A T E  C H A N G E 
 
U R G E N T  M E S S A G E  
To:  Climate Change Research Team  
Re:  Global Warming Phase 2 
 
Scientists in our countries have told us that there are three primary factors that affect the 
warmth of our planet.  The energy we receive from the sun’s rays plays an enormous role 
in warming the planet.  We are also told that the composition of the planet’s surface plays 
a role in reflecting sunlight back into space or absorbing it here on Earth.  Furthermore, a 
growing body of scientists is emphasizing the critical role that the atmosphere has on 
Earth’s temperatures.  We are particularly concerned with this last factor, since we are 
told that it is the one that humans have the most potential to change.  
 
The atmosphere consists of many different gasses, but we are told that carbon dioxide—
particularly that which is generated by human pollution—is the main culprit that could 
cause global climate change.  If we want to take steps to reduce pollution, we need to 
know more about how the atmosphere contributes to the planet’s warmth.  
But before we can do this, we must understand how Earth’s complete climate system 
operates.  Therefore, we need you to investigate how sunlight, the planet’s surface, and 
the atmosphere combine to affect temperatures on Earth.  Once we understand what 
makes Earth warm, we can then begin to take steps to address the potential threat of 
global warming.  
 
Finally, we also realize that each of our nations is affected differently—we each receive 
different amounts of sunlight, have different types of ground cover, and different 
atmospheric conditions.  In addition to investigating the global issues regarding what 
makes Earth warm, we also would like you to explain how each of these factors—
sunlight, the surface, and the atmosphere—impact warmth in each of our countries.  We 
need to explain these issues to the people in our countries and need a report from you that 
will help us do this.  
 
We look forward to seeing the results of your investigations. 
 
Thank you, and good luck!  
League of Nations Secretary General 
L E A G U E  O F  N A T I O N S 
J O I N T  I N T E R N A T I O N A L  C O M M I T T E E  O N  C L I M A T E  C H A N G E 
 
U R G E N T  M E S S A G E  
To:  Climate Change Research Team  
Re:  Global Warming Phase 3 
 
You have explored how temperature changes naturally over time and by location and 
investigated the forces that cause temperatures to vary on different parts of the planet.  
You have also discovered the critical role that the atmosphere plays in sustaining our 
global climate system.  In particular, you have seen the impact that the burning of fossil 
fuels has on the atmosphere through the release of excess carbon dioxide.  
 
Now we need to know two main things.  First, we want to know how we might be 
affected by global climate change.  How might changing temperatures—be they warmer 
or colder—impact our lifestyles?  How would changing sea levels, or increased storm 
activity affect our geography and population centers?  Second, we need to know what we 
are doing to bring about these changes and what changes we can make in order to reverse 
any damages that may have already taken place.  Use the resources at your disposal to 
find out what will happen if carbon dioxide continues to increase in the atmosphere, and 
how we might be threatened by the changes that result.  We would also like you to 
investigate what is most responsible for polluting the atmosphere and what is the greatest 
potential to help reverse the negative effects of atmospheric emissions.  
 
Your final report should include both a discussion about how we might be threatened and 
a concrete set of solutions—complete with evidence and scientific justification for why 
they would work.  You may also wish to discuss how practical these solutions are and 
what challenges we might face in trying to implement them.  
 
We are counting on you to complete this final stage of your mission and looking forward 
to seeing your results. 
 
Thank you, and good luck!  
League of Nations Secretary General 
 


















































































 Appendix O: Other Worksheets, Classwork, and Homework 



































 Appendix P: Miscellaneous Other Materials 
 
 
 
 
Name       
Heat Exam 
1. When you touch a cold piece of ice with your finder, energy flows 
a. From your finger to the ice 
b. From the ice to your finger 
c. Both ways 
2. On a frozen lake the warmest water is 
a. Right under the ice 
b. In the middle of the lake 
c. At the bottom of the lake 
3. Consider a flat steel plate with a hole through its center as shown.  When the plate’s 
temperature is increases the hole will 
a. Contract 
b. Expand 
c. Stay the same size 
4. Compared to a giant iceberg, a hot cup of tea has 
a. More internal energy and a higher temperature 
b. Higher temperature but less internal energy 
c. A greater specific heat and more internal energy 
5. When a bimetallic bar made of copper and iron strips is heated, the bar tends toward the 
iron strip.  The reason for this is 
a. Iron gets hotter before copper 
b. Copper gets hotter before iron 
c. Copper expands more than iron 
d. Iron expands more than copper 
6. Which temperature scale never gives a negative temperature? 
a. Kelvin 
b. Celsius 
c. Fahrenheit 
7. Which two temperature changes are equivalent? 
a. 1 K = 1°F 
b. 1°F = 1°C 
c. 1°C = 1 K 
d. None of the above 
8. Heat is measured in all of these except 
a. calorie 
b. Calorie 
c. Watt 
d. Joule 
9. The measure of average kinetic energy of molecules is referred to as 
a. Internal Energy 
b. Thermal Energy 
c. Temperature 
d. Heat 
10. The reason ocean temperatures do not vary drastically is that 
a. Water has a relatively high rate of heat conduction 
b. Water is a good radiator 
c. Water has a relatively high specific heat 
d. Water is a poor heat conductor 
11. The process whereby heat flows by means of molecular collisions is referred to as  
a. Conduction 
b. Convection 
c. Radiation 
d. Inversion 
12. On a cold day, a piece of metal feels much colder to the touch than a piece of wood.  This 
is due to the difference in which on of the following physical properties. 
a. Density 
b. Specific heat 
c. Thermal Inertia 
d. Thermal conductivity 
13. Convection can occur 
a. Only in solids 
b. Only in liquids 
c. Only in gases 
d. Only in liquids and gases 
e. In all three, solids, liquids, and gases 
14. The process where heat flows in the absence of a medium by electromagnetic waves is 
referred to as 
a. Conduction 
b. Convection  
c. Radiation 
d. Inversion 
15. Water has a higher specific heat capacity than iron. Consider equal masses of water and 
iron that are initially in thermal equilibrium.  The same amount of heat is added to each.  
Which statement is true? 
a. They remain in thermal equilibrium 
b. They are no longer in thermal equilibrium, the iron is warmer 
c. They are no longer in thermal equilibrium, the water is warmer 
16. Pour a liter of water at 40°C into a liter of water at 20°C and the final temperature of the 
two will be 
a. Less than 30°C 
b. At about 30°C 
c. More than 30°C 
17. Place a kilogram block of iron at 40°C into a kilogram of water at 20°C and the final 
temperature of the two will be 
a. Less than 30°C 
b. At about 30°C 
c. More than 30°C 
18. The amount of heat needed to melt one gram of a substance is called its 
_________________________. 
19. The amount of heat needed to change one gram of a substance from liquid to gas is called 
its___________________________. 
20. A thermometer measures the temperature of _______________________. 
21. Heat flows from ____________ temperature to ____________ temperature. 
22. Newton’s Law of Cooling states that the greater the temperature difference the 
_________________________ the rate of cooling. 
23. How many calories of heat are needed to change 35.0g of ice at 0°C to water at 0°C? 
 
 
 
 
24. How many grams of 100°C water can be vaporized with 7.392 Calories? 
 
 
 
 
25. If 40,000 calories of heat are added to 2,000 g of water what is the resulting temperature 
change? 
 
 
 
 
 
26. Explain the importance of greenhouse gases to the earth. 
 
 
 
 
 
 
27. Use the graph below to label what is happening in the blanks (4 arrows labels for phase 
changes & 3 boxes which are states of matter).  
 
 
 
 
 
 
 
28. Tell how much of the heat is reflected and emitted in the following picture.  
 
 
 
1. Which of the following is/are ion(s)? a. An atom that contains more protons than electrons. b. An atom that contains more electrons than protons. c. A charged atom. d. All of the above. 2. Coulomb’s Law tells us a. Charges repel when the same b. Charges attract when opposite c. The relationship between the forces between two charges 3. In a conductor a. Electrons cannot move easily b. Electrons can move easily c. Protons can move easily d. Neutrons can move easily 4. In an insulator a. Electrons cannot move easily b. Electrons can move easily c. Protons can move easily d. Neutrons can move easily 5. Two negative charges a. Repel each other b. Are acted on by electric forces c. Create an electric field d. All of the above 6. A balloon is charged by rubbing it against your hair and stripping the electrons from you hair.  It was charged by _______________ and has a _______________ charge. a. Induction, Negative b. Induction, Positive c. Friction, Negative d. Friction, Positive 7. The balloon is now sticking to the wall.  This happens because the wall is a. Negatively charged b. Positively charged c. Polarized d. Taking electrons from the balloon 8. The electric potential energy is the energy a charged object has because of its a. Position b. Size c. Velocity d. Motion 9. The units of electric potential is a. Joules b. Coulombs c. Volts d. Newtons 10.  A capacitor is a device that a. has two conductors b. stores energy c. is found in many electronics d. all of the above 
11. Suppose two ions are each having charges of 4.0 x 10‐4 C and 2.0 x 10‐4 C.   A distance of 2.0 x 10‐4 C separates them.  What is the electric force between these two ions? 12. Explain what happens when the charged rod is brought near the water stream.  Draw in the charges in the water stream.  
 13. Which positive test charge (represented by black circle) has the greatest potential energy?   Explain your reasoning. 
 14. A group of charges have a total potential energy of 5000 kJ and a total charge of 1 x 10‐3 C.  What is the voltage? 15. Electric current is the flow of charge, what causes this flow of charge? a. Energy b. Voltage c. Charges d. Resistance 16. Electrical resistance in a wire depends on the wire’s a. Conductivity b. Length c. Thickness d. All of the above 17. If you accidentally grabbed the prongs of a partially plugged in 120 V electrical plug on a day when your skin resistance was 120,000 Ω, how much current would pass through your body? a. 12,000,000 A b. 1000 A c. 120 A d. 0.01 A 18. The reason a bird can perch harmlessly on bare high voltage wires is that a. A bird has a very high electrical resistance b. A bird’s feet are close together c. There is no potential difference across the bird’s feet 
‐‐‐‐‐‐‐‐‐‐‐‐‐ 
A  B  C 
d. All of these 19. When you have three bulbs in series what happens to the energy a. Divides equally b. Is transferred to heat c. Is zero between the last bulb and the negative end of the battery d. All of the above 20. Electrons in a wire are a. Moving slowly b. Moving very fast c. Create a net charge in a wire d. Are nonexistent 21. When two light bulbs are connected in series a. The same amount of current always flows through each light bulb b. The current through each light bulb is proportional to its resistance c. When one goes out they other stays lit d. When one goes out the other light bulbs gets brighter 22. The voltage/potential difference in each branch of a parallel circuit shown is a.   3 V b. 9 V c. 6 V d. 1 V 23. Voltage is measured ___________________ a circuit.   24. Current is measured ___________________ a circuit.   25. What is the power of a lamp with a resistance of 12 Ω connected to a 120 V outlet?  26.  If the electricity costs $0.08 per kWh and you have the lamp on for 8 hours a day for 2 days what would you pay the electric company? 27. Name the two types of current and give an example of each. 28. What does a switch do in a circuit?  How does it relate to open and closed circuits? 29. Draw two batteries put together so they will work (label positive and negative).  When they are put together what is the voltage of the circuit if each battery is 1.5 V? 30. Draw a series circuit with three resistors, two batteries, and a switch. 31. What is the total resistance of this circuit if each resistor is 5 Ω. 32. Draw a circuit with 2 batteries, 3 light bulbs in parallel, and switches to make it so you can shut off each light bulb individually. 33. What is the total resistance of the circuit if the resistance of light bulb 1 is 3 Ω, and light bulbs 2 and 3 are 6 Ω. 34. Find the current in each branch then tell me the current between: 1 & 2, 2 & 3, 3 & 4. R1= 6 Ω R2=3 Ω R3 = 1 Ω   
    
   
Name       
Block       
1. Consider a flat steel plate with a hole through its center as shown.  When the plate’s 
temperature is increases the hole will 
a. Contract 
b. Expand 
c. Stay the same size 
2. Compared to a giant iceberg, a hot cup of tea has 
a. More internal energy and a higher temperature 
b. Higher temperature but less internal energy 
c. A greater specific heat and more internal energy 
d. None of these 
3. When a bimetallic bar made of copper and iron strips is heated, the bar tends toward the 
iron strip.  The reason for this is 
a. Iron gets hotter before copper 
b. Copper gets hotter before iron 
c. Copper expands more than iron 
d. Iron expands more than copper 
4. Which temperature scale never gives a negative temperature? 
a. Kelvin 
b. Celsius 
c. Fahrenheit 
d. All of the above 
5. Which two temperature changes are equivalent? 
a. 1 K = 1°F 
b. 1°F = 1°C 
c. 1°C = 1 K 
d. None of the above 
6. The temperature in your classroom is about 
a. 68 K 
b. 68°C 
c. 50°C 
d. 295 K 
7. Oxygen condenses into a liquid at approximately 90 K.  What temperature, in degrees 
Fahrenheit does this correspond to? 
a. ‐193 
b. ‐217 
c. ‐265 
d. ‐297 
8. Which of the following is the smallest unit of heat energy? 
a. calorie 
b. Calorie 
c. Kilocalorie 
d. Joule 
9. The measure of average kinetic energy of molecules is referred to as 
a. Internal Energy 
b. Thermal Energy 
c. Temperature 
d. Heat 
10. The reason ocean temperatures do not vary drastically is that 
a. Water has a relatively high rate of heat conduction 
b. Water is a good radiator 
c. Water has a relatively high specific heat 
d. Water is a poor heat conductor 
11. The process whereby heat flows by means of molecular collisions is referred to as  
a. Conduction 
b. Convection 
c. Radiation 
d. Inversion 
12. On a cold day, a piece of metal feels much colder to the touch than a piece of wood.  This 
is due to the difference in which on of the following physical properties. 
a. Density 
b. Specific heat 
c. Latent heat 
d. Thermal conductivity 
 
13. Convection can occur 
a. Only in solids 
b. Only in liquids 
c. Only in gases 
d. Only in liquids and gases 
e. In all three, solids, liquids, and gases 
14. The process where heat flows in the absence of a medium is referred to as 
a. Conduction 
b. Convection  
c. Radiation 
d. Inversion 
15. It is a well‐known fact that water has a higher specific heat capacity than iron.  Now, 
consider equal masses of water and iron that are initially in thermal equilibrium.  The 
same amount of heat, 30 calories, is added to each.  Which statement is true? 
a. They remain in thermal equilibrium 
b. They are no longer in thermal equilibrium, the iron is warmer 
c. They are no longer in thermal equilibrium, the water is warmer 
d. It is impossible to say without knowing the exact masses and exact specific heats of 
each 
16. Pour a liter of water at 40°C into a liter of water at 20°C and the final temperature of the 
two will be 
a. Less than 30°C 
b. At about 30°C 
c. More than 30°C 
17. Place a kilogram block of iron at 40°C into a kilogram of water at 20°C and the final 
temperature of the two will be 
a. Less than 30°C 
b. At about 30°C 
c. More than 30°C 
18. We feel uncomfortably warm on a muggy day because water molecules are 
a. Evaporating from our warm bodies 
b. Condensating on our bodies 
c. Preventing the evaporation from out moist bodies 
19. The amount of heat needed to melt one gram of a substance is called its 
_________________________. 
20. The amount of heat needed to change one gram of a substance from liquid to gas is called 
its___________________________. 
21. A steel bridge is 1 km at ‐20°C in winter.  What is the change in length when the 
temperature rises to 40°C in summer? αsteel = 12 x 10
‐6 °C‐1 
 
 
 
22. How many Joules of heat are needed to change 35.0g of ice at ‐10 C to water at 100 C? 
 
 
 
23. How many grams of 24°C water can be vaporized with 7.392 Calories? 
 
 
 
24. If 40 Calories of heat are added to 2 kg of water what is the resulting temperature 
change? 
 
 
 
25. Explain the importance of greenhouse gases to the earth. 
Chapter 32 
Review Questions 1. Electrical, gravitational only attracts 2. Charge 3. Opposite sign, but same magnitude 4. Yes all electrons are identical 5. Proton, more than 1800 times more mass 6. Same number, so net charge is zero 7.  A) Repel   B) Attract 8. (‐) ion has excess electrons (+) ion has deficiency 9. A) Negatively  B) Positively 10. Neither created nor destroyed, only transferred 11. A) Both are inverse‐square laws B) One depends on m, the other q, Coulombs attract and repel 12. Coulomb 13. Electrical force is relatively large 14. Not diminished by repelling parts, large masses 15. Slight unbalance of attracting and repelling forces 16. Electrons are free to move in good conductors 17. A) Free Electrons B) Bound Electrons 18. Material with adjustable conductivity between conductor and insulator 19. Conductor with zero resistance 20. Contact, Friction, Induction,  (we use Induction with Grounding too) 21. Electricity discharges from cloud to cloud or the ground 22. To prevent discharge, also to guide to the ground 23. Negative on one side, positive on the other 24. Oppositely charged side a little closer 25. Configurations equal (+) and (‐) charges at opposite ends 
 
Think and Explain 1. Charges can cancel, masses cant 2. To ¼ : 1/9, by the inverse square law 3. You are negative, the comb is positive 4. Leaves have charges of like sign, which repel 5. No, force acts thru empty space, can be charged by induction 6. Electrons simply transferred from one to the other 7. Both conductions are via free‐moving electrons 8. Charge inducted. 
 
Chapter 33 
Review Questions 1. Interaction between things physically far apart 2. Have actual “contact” between thing and field 3. Both are means of exerting forces 4. Has magnitude and direction 5. A) Lines depicting E field B) Same 
6. Closer lines, stronger field; farther apart, weaker 7. Parallel, equally spaced lines 8. Charge on outside; field inside cancels to zero 9. Zero, field inside cancels to zero 10. No, only (+), no – 11. Yes bother (+) and (‐) 12. By doing work on it against an electric field 13. Convert to KE 14. Potential = Electric PE/Charge 15. More J per more C = same P  j/c = J/C 16. Volt, 1 volt = 1 joule/coulomb 17. No, potential = PE/Charge as if test charge present 18. Ration can be high when charge is small 19. Non on inside, all charge repels to outside 20. About 3 million volts 
 
Think and Explain 1. Acts on charge, both (+) and (‐), can be shielded 2. By convention, direction is that of the force on a positive test charge 3. Electron more acceleration, opposite directions, electrons first 4. ¼ as much, inverse square law 5. Mutual repulsion 6. Greater at corners 7. Only if same charge V=PE/q; P = Vq 8. Similar both low energy though high energy per unit quantity 9. Zero because plate charges are equal and opposite 10. Hair strands are charged same sign; mutual repulsion. 
 
Think and Solve 1. A) 12,000 V B)12 J ; Conservation of energy 2. A) 12,000 V, same as for #1 B) 24 J  Chapter 34 Review Questions 1. Temperature difference; voltage difference 2. PE/q ; ΔPE/q between points 3. Pressure difference; potential difference 4. Flow of charge 5. Flow of 1 coulomb per second 6. Electric “pressure”  PE/q that produces electric current 7. 120 J/C = 120 V 8. Flows through a circuit 9. Established across, only charge flows 10. That which resists flow of charge, in ohms 11. Greater resistance in long thin wire 12. Current=Voltage/Resistance 
13. Drops to half, in accord with Ohm’s law 14. Half as much current 15. Wetness lowers skin resistance 16. Negligible potential difference across body 17. Serves as a ground 18. Direct surren, alternating current, battery is DC 19. A capacitor 20. Diode converts ac to dc, capaciter smooths current 21. In DC, less than 1cm/s; in ac, zero drift speed 22. From conductors themselves 23. Power = energy/time, rate of doing work 24. Power: watt, kilowatt; energy: kilowatt‐hour 25. From P=IV     I = 0.5A  
Plug and Chug 1. 2A 2. 35,000A 3. 8.6A 4. 4A 5. 0.1A 6. 0.005A 7. 7.5Ω 8. 1.17A  
Think and Explain 1. No concern, typical electron speed in any material 2. Potential difference (volt) causes flow of charge (amp) 3. Thick wires less resistance, less heating 4. Less resistance, less waste heating of cord 5. Voltage drop in cord, less V for drill 6. More current at higher voltage; double if resistance doesn’t change 7. No effect either way, by Ohm’s law 8. Auto, dc by battery; home, ac by ac generator 9. Changes direction 120 times per second 10. Less resist in 60W bulb; more P for same V, more I  
Think and Solve 1. 16V 2. 6V 3. 10A; 12Ω 4. 1/3A 5. 1030W 6. $4.38/year  
Chapter 35 
Review Questions 
1. No, Electrons in both battery and circuit itself 2. Gap interrupts flow like closing valve in a water pipe. 3. Series: Single Path, Parallel: Alternate paths 4. 2V 5. Current stops 6. 6V 7. Current continues unchanged in other 2 8. A) Parallel B) Parallel, 6V across each 9. Increases; decreases as more pathways 10. 16Ω; 4Ω, twice the pathways 11. More pathways for electron flow 12. Carrying more than a safe current, wires get hot 13. To halt dangerously high current 14. Draw excess current 15. Circuit offered paths of much less resistance  
Plug and Chug 1. Req= 60Ω I=0.8A 2. Req=15Ω I=3.2A  
Think and Explain 1. Uses up fuel that produces electricity, heat 2. Wings may touch and connect wires, short circuit 3. Current would vary as new appliances connected 4. Current diminishes and lamps glow dimmer 5. Current stays same so brightness not affected 6. A Brightest; A: B‐C remain lit; only A remains lit 7. Parallel brighter; parallel run down faster 8. Parallel one at 100W other 50W both 150W 9. Sum of all currents that feed branches 10. Same in series; parallel, more in 100W bulb  
Think and Solve 1. 5.3Ω 2. A)5Ω    B)40Ω 3. Eight 4. Req=20Ω    I=0.5A 5. A) 1.5Ω   B) 8A 

























